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Introduction 

Maxim Integrated Products designs, develops, manufac- 
tures and markets a broad range of linear and mixed-sig- 
nal integrated products for use in a variety of electronic 
products. These products "connect" the real (analog) 
world to the digital world. They detect, measure, amplify 
and convert real world signals, such as temperature, 
pressure or sound, into digital signals a computer can 
process. Over the past six years, Maxim has introduced 
over 350 products - more analog ICs than any other 
company. 

Maxim is committed to meeting the needs of the industry 
through aggressive product development and superior 
quality. The Company's products include: data convert- 
ers and references, RS-232 interface circuits, amplifiers, 
power control circuits, timers and counters, display cir- 
cuits, multiplexers and switches, voltage detectors and 
filters. Recognizing the growing demand for CMOS, the 
emerging technology of the future, Maxim has focused 
increasingly on CMOS-based products. These circuits 
are marketed worldwide, principally through distributors 
and independent sales representatives, and are avail- 
able in several different packages and temperature 
ranges to meet varying customer requirements. 

New Releases 

Since the publication of our full line 1989/90 Integrated 
Circuits Data Book, more than 70 new products have 
been added to our product lines. These, and other older 
but unique Maxim products, are collected into a single 
volume in this new data book. We hope that this enables 
you to have quick access to "what is new and exciting 
from Maxim". Older products, and some recently intro- 
duced second-source products are left out of this book, 
but can be located using the Table of Contents or the 
Index. You can get data sheets for these products by 
contacting your local Sales Representative, or the factory 
directly. 

Customer Service 

Customer Service Representatives are available during 
normal business hours to provide you with information on 
orders placed directly with the factory or by any of our 



franchised distributors. Please see the Appendix for a 
list of domestic and international sales representatives, 
and distributors. 

Technical Support 

The technical literature in this volume discusses the 
operation and applications of Maxim products as they 
apply to design problems. In addition to the individual 
data sheets/applications notes in this book, Maxim offers 
a full line Integrated Circuits Data Book, a Military Prod- 
ucts Data Book, and a free subscription to the Maxim 
Engineering Journal - a quarterly magazine covering the 
application of Maxim analog ICs. For on-line technical 
support you can talk with a senior applications engineer 
at (408) 737-7600 extension 4000 or, after normal busi- 
ness hours, you can FAX in your questions at (408) 
736-1831. 

Reliability 

Providing reliable, innovative analog ICs that solve cus- 
tomer problems is the cornerstone of Maxim's existence. 
Our programs offering free burn-in at 150°C (for all DIPs) 
and complete lot traceability, life test and pressure pot 
qualification are unique in the industry. 

On July 1 , 1988, Maxim became a certified manufacturer 
of MIL-STD-883 Class B, Rev. C products. To date, the 
company has announced over 40 of its 350 products 
screened to military standards, 28 are in qualification and 
more are scheduled for qualification in the future. 

All of Maxim's products are available screened to a "High 
Reliability" flow that emulates Rev. C, MIL-STD-883, Class 
B standards. These 7HR" parts are fully tested over the 
military temperature range and are sold at significantly 
lower prices than /883 compliant products. 

Following Maxim's charter to provide analog solutions in 
silicon, we will continue to offer /883B Rev. C and /HR 
devices, SMDs (Standard Military Drawings) when avail- 
able and SCDs (Customer Source Control Drawings) in 
the future. We welcome you to visit our new facilities for 
a first hand inspection and look forward to the opportunity 
to serve you. Contact your local Sales Representative or 
the factory directly, (408) 737-7600 extension 6283, for 
more information. 



Information furnished by Maxim Integrated Products is believed to be accurate and reliable. However, the company cannot assume responsibility for use of 
any circuitry other than circuitry entirely embodied in a Maxim product; nor for any infringements of patents or other rights of third parties that may result from 
its use. No license is granted by implication or otherwise under any patent or patent rights of Maxim integrated Products. Maxim reserves the right to change 
the circuitry and specifications without notice. 

Life Support Policy: Maxim does not authorize or warrant any Maxim product for use in life support devices and/or systems without the express written approval 
of an officer of Maxim Integrated Products, Inc. Life support devices or systems are devices or systems which, (i) are intended tor surgical implant into the 
body or (ii) support or sustain life, and whose failure to perform, when properly used in accordance with instructions for use provided in the labeling, can be 
reasonably expected to result in significant injury to the user. 

Products in this book may be covered by one or more of the patents listed below Additional patents are pending. 

4.700.286. 4,679, 134, 4.636.930. 4.859,963, 4,857 778, 4,897,774, 4,797,899, 4,806.875. 4.847.522, 4.812.891. 4.809.152. 4.801.888, 4,797.569. 4.777.580, 
4,777.577. 
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A/D Converters 

MAX130 3 1/2 Digit A/D Converter with Bandgap Reference 89DB 1-1 

MAX131 3 1/2 Digit A/D Converter with Bandgap Reference 89DB 1-1 

MAX133 3 3/4 Digit DMM Circuit 1-1 

MAX134 3 3/4 Digit DMM Circuit 1-1 

MAX136 Low Power 3 1/2 Digit A/D Converter with Display Hold 89DB 1-31 

MAX138 3 1/2 Digit A/D Converter with Bandgap Reference & Charge 

Pump Voltage Converter 1-19 

MAX1 39 31/2 Digit A/D Converter with Bandgap Reference & Charge 

Pump Voltage Converter 1-19 

MAX140 31/2 Digit A/D Converter with Bandgap Reference & Charge 

Pump Voltage Converter 1-19 

MAX 1 50 CMOS 1.3ns 8-Bit A/D Converter with Voltage Reference and Track/Hold 89DB 1 -43 

MAX151 300kHz 10-Bit A/D Converter with Reference and T/H 1-27 

MAX154 CMOS High Speed 8-Bit A/D Converter with 4 Channel Multiplexer and Reference . . . .89DB1-55 

MAX155 High Speed, 8-Bit ADC with 8 Simultaneous T/H and Reference 1-29 

MAX156 High Speed, 8-Bit ADC with 4 Simultaneous T/H and Reference 1-29 

MAX1 58 CMOS 2.0ns 8-Bit A/D Converter with 8 Channel Multiplexer and Reference 89DB 1 -55 

MAX1 60 CMOS nP Compatible 4ns 8-Bit A/D Converter 89DB 1 -67 

MAX161 CMOS 20ns 8-Bit 8 Channel Data Acquisition System 89DB 1-79 

MAX162 Complete High Speed CMOS 12-Bit ADC 1-31 

MAX163 CMOS 12-Bit ADC with T/H 1-47 

MAX164 CMOS 12-Bit ADC with T/H 1-47 

MAX165 CMOS |iP Compatible 5ns, 8-Bit ADC 1-61 

MAX166 CMOS nP Compatible 5ns, 8-Bit ADC 1-61 

MAX167 CMOS 12-Bit ADC with T/H 1-47 

MAX1 70 Serial Output 5.6ns 1 2-Bit ADC 1-73 

MAX1 71 Opto-lsolated Serial Output 5.8ns 1 2-Bit ADC 1-85 

MAX172 CompletelOns CMOS 12-Bit ADC 1-95 

MAX1 73 CMOS 5ns 1 0-Bit Complete ADC with Voltage Reference 1-99 

MAX1 74 Industry Standard Complete 1 2-Bit ADC 1 -1 03 

MAX1 77 CMOS 1 0-Bit ADC with T/H 1-119 

MAX178 12-Bit A/D Converter with T/H and Reference 1-123 

MAX180 Complete 8/6-Channel, 12-Bit Data Acquisition System 1-125 

MAX181 Complete 8/6-Channel, 12-Bit Data Acquisition System 1-125 

MAX1 82 4-Channel 1 2-Bit ADC with T/H and Reference 1 -1 27 

MAX183 High-Speed 12-Bit A/D Converter 1-129 

MAX184 High-Speed 12-Bit A/D Converter 1-129 

MAX185 High-Speed 12-Bit A/D Converter 1-129 

MAX7129 4 1/2 Digit Single-Chip A/D Converter with Multiplexed LCD Drivers 89DB 1-161 

MX574A Industry Standard Complete 1 2-Bit ADC 1 -1 03 

MX578 High Speed 3ns 12-Bit A/D Converter 89DB 1-107 

MX674A Industry Standard Complete 1 2-Bit ADC 1 -1 03 
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MX7572 Complete High Speed CMOS 12-Bit ADC 1-31 

MX7574 CMOS nP Compatible 8-Bit A/D Converter 89DB 1 -67 

MX7575 CMOS nP Compatible 5ns, 8-Bit ADC DS 

MX7576 CMOS uP Compatible 10ns, 8-Bit ADC DS 

MX7581 CMOS 8-Bit 8 Channel Data Acquisition System 89DB 1 -79 

MX7820 CMOS High Speed 8-Bit A/D Converter with Track/Hold 89DB 1 -43 

MX7824 CMOS High Speed 8-Bit A/D Converter with 4 Channel Multiplexer 89DB 1 -55 

MX7828 CMOS High Speed 8-Bit A/D Converter with 8 Channel Multiplexer 89DB 1 -55 

ADC0820 CMOS High Speed 8-Bit A/D Converter with Track/Hold 89DB 1-1 13 

ICL7106 3 1/2 Digit A/D Converter with Direct LCD Drivers 89DB 1-119 

ICL7107 3 1/2 Digit A/D Converter with Direct LCD Drivers 89DB 1-119 

ICL7109 12-Bit A/D Converter with Three-State Binary Outputs 89DB 1-131 

ICL7116 3 1/2 Digit A/D Converter with Direct LCD Display Hold 89DB 1-149 

ICL7 1 1 7 3 1 12 Digit A/D Converter with Direct LED Display Hold 89DB 1 - 1 49 

ICL7126 Low Power, 3 1/2 Digit A/D Converter with Direct LCD Drivers 89DB 1-153 

ICL7129A Low Noise, 4 1/2 Digit Single-Chip A/D Converter with Multiplexed LCD Drivers 89DB 1-161 

ICL7135 4 1/2 Digit A/D Converter with Multiplexed BCD Outputs 89DB 1-173 

ICL7136 Low Power, 3 1/2 Digit A/D Converter with Direct LCD Drivers 89DB 1-185 

ICL7137 Low Power, 3 1/2 Digit A/D Converter with Direct LED Drivers 89DB 1-193 

D/A Converters 

MAX500 CMOS Quad, Serial Interface, 8-Bit D/A Converter 2-1 

MAX543 CMOS 12-Bit Serial Multiplying D/A Converter 2-13 

MAX7624 CMOS 8-Bit Buffered Multiplying D/A Converter 89DB2-41 

MAX7645 CMOS 12-Bit Buffered Multiplying D/A Converter DS 

MX565A High Speed 12-Bit Monolithic D/A Converter with Voltage Reference 89DB2-1 

MX566A Highspeed 12-Bit Monolithic D/A Converter 89DB2-1 

MX7224 CMOS Double Buffered 8-Bit D/A Converter with Voltage Output Amplifier 89DB 2-9 

MX7225 CMOS Quad 8-Bit D/A Converter with Voltage Output Amplifier 89DB 2-19 

MX7226 CMOS Quad 8-Bit D/A Converter with Voltage Output Amplifier 89DB 2-19 

MX7228 CMOS Octal 8-Bit D/A Converter DS 

MX7520 CMOS 10-Bit Multiplying D/A Converter 89DB 2-31 

MX7521 CMOS 12-Bit Multiplying D/A Converter 89DB 2-31 

MX7523 CMOS 8-Bit Multiplying D/A Converter 89DB 2-37 

MX7524 CMOS 8-Bit Buffered Multiplying D/A Converter 89DB 2-41 

MX7528 CMOS Dual 8-Bit Buffered Multiplying D/A Converter 89DB 2-49 

MX7530 CMOS 10-Bit Multiplying D/A Converter 89DB 2-61 

MX7531 CMOS 12-Bit Multiplying D/A Converter 89DB 2-61 

MX7533 CMOS Low Cost 1 0-Bit Multiplying D/A Converter 89DB 2-65 

MX7534 nP Compatible 14-Bit D/A Converter DS 

MX7535 \iP Compatible 14-Bit D/A Converter DS 

MX7536 \iP Compatible 14-Bit DAC DS 

MX7537 CMOS Parallel Loading Dual 12-Bit Multiplying DAC DS 

MX7538 nP Compatible CMOS 14-Bit DAC DS 
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MX7541 CMOS 12-Bit Multiplying D/A Converter 89DB 2-71 

MX7541A CMOS 12-Bit Multiplying D/A Converter 89DB 2-75 

MX7542 CMOS 12-Bit uP-Compatible D/A Converter 89DB2-81 

MX7543 CMOS 1 2-Bit Serial Input D/A Converter 89DB 2-89 

MX7545 CMOS 12-Bit Buffered Multiplying DAC 89DB 2-97 

MX7545A CMOS 12-Bit Buffered Multiplying DAC DS 

MX7547 CMOS Parallel Loading Dual 12-Bit Multiplying DAC DS 

MX7548 CMOS 8-Bit Compatible 12-Bit DAC DS 

MX7628 CMOS Dual 8-Bit Buffered Multiplying D/A Converter 89DB 2-49 

Voltage References 

MAX670 +10V Precision Kelvin Sensed Reference, 3 pprrVC 89DB3-1 

MAX671 + 10V Precision Kelvin Sensed Reference, 1 ppm/°C 89DB3-1 

MAX672 + 10V Precision Voltage Reference, 5 ppm/°C 89DB 3-7 

MAX673 +5V Precision Voltage Reference, 5 ppm/'C 89DB 3-7 

MAX674 +10V Precision Voltage Reference 3-1 

MAX675 +5V Precision Voltage Reference 3-5 

MX580 Precision 2.5V Reference 89DB3-11 

MX581 Precision 10V Reference 89DB3-13 

MX584 Pin Programmable 10V, 7.5V, 5V, 2.5V, Precision Voltage Reference 89DB 3-19 

MX2700 + 10V Precision Reference, 3 ppm/'C 89DB 3-25 

MX2701 -10V Precision Reference, 3 ppm/°C 89DB 3-25 

MX2710 + 10V Precision Reference, 1 ppm/°C 89DB 3-25 

ICL8069 1.2V Voltage Reference 89DB 3-29 

REF01 +10V Precision Voltage Reference 89DB3-31 

REF02 +5V Precision Voltage Reference 89DB 3-31 

True RMS-to-DC Converters 

MX536A True RMS-to-DC Converter 89DB4-1 

MX636 True RMS-to-DC Converter . . 89DB4-1 

Op Amps/Buffers/Comparators 

MAX9685 Ultra-Fast ECL Output Comparator with Latch Enable 4-1 

MAX9686 Very Fast TTL Latched Output Comparator 4-5 

MAX9687 Dual Ultra-Fast ECL Output Comparator 4-9 

MAX9690 Ultra-Fast ECL Output Comparator 4-13 

MAX9698 Very Fast TTL Latched Output Comparator 4-5 

MAX400 Ultra Low Offset Operational Amplifier 89DB5-1 

MAX402 High-Speed, Low-Power Op Amp 4-17 

MAX403 High-Speed, Low-Power Op Amp 4-17 

MAX408 Single High-Speed, High Output Current Op Amp 4-1 9 

MAX420 ±15V Chopper Stabilized Operational Amplifier 89DB 5-5 

MAX421 +15V Chopper Stabilized Operational Amplifier 89DB 5-5 

MAX422 Low Power, ±1 5V Chopper Stabilized Operational Amplifier 89DB 5-5 
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MAX423 Low Power, +15V Chopper Stabilized Operational Amplifier 89DB 5-5 

MAX425 Ultra High-Precision CMOS Op Amp 4-31 

MAX426 Ultra High-Precision CMOS Op Amp 4-31 

MAX428 Dual High-Speed, High Output Current Op Amp 4-19 

MAX430 ±15V Chopper Stabilized Operational Amplifier 4-33 

MAX432 Low Power, ±15V Chopper Stabilized Operational Amplifier 4-33 

MAX448 Quad High-Speed, High Output Current Op Amp 4-19 

MAX450 10MHz CMOS Video Amplifier 89DB 5-25 

MAX451 Low Bias Current 1 0MHz Video Amplifier 89DB 5-25 

MAX452 50MHz CMOS Video Amplifier 4-41 

MAX453 2 Channel 50MHz Video Multiplexer/Amplifier 4-41 

MAX454 4 Channel 50MHz Video Multiplexer/Amplifier 4-41 

MAX455 8 Channel 50MHz Video Multiplexer/Amplifier 4-41 

MAX456 8x8 Crosspoint Video Switch 4-49 

MAX457 Dual CMOS Video Amplifier 4-51 

MAX460 High Accuracy Fast Buffer 89DB 5-37 

MAX480 High-Precision, Low-Voltage, Micropower Op Amp 4-55 

MAX900 High-Speed, Low-Power Quad Voltage Comparator 4-61 

MAX901 High-Speed, Low-Power Quad Voltage Comparator 4-61 

MX3554 Wideband, Fast-Settling Operational Amplifier 89DB 5-43 

BB3553 Very Fast Buffer Amplifier 89DB 5-95 

BB3554 Wideband, Fast Settling Operational Amplifier 89DB 5-43 

ICL7611 Low Power, Single Operational Amplifier 89DB 5-49 

ICL7612 Low Power, Single Operational Amplifier 89DB 5-49 

ICL7614 Low Power, Single Operational Amplifier 89DB 5-49 

ICL761 6 Low Power, Single Operational Amplifier 89DB 5-49 

ICL7621 Low Power, Dual Operational Amplifier 89DB 5-49 

ICL7622 Low Power, Dual Operational Amplifier 89DB 5-49 

ICL7631 Low Power, Triple Operational Amplifier 89DB 5-49 

ICL7632 Low Power, Triple Operational Amplifier 89DB 5-49 

ICL7641 Low Power, Quad Operational Amplifier 89DB 5-49 

ICL7642 Low Power, Quad Operational Amplifier 89DB 5-49 

ICL7650/B Chopper Stabilized Operational Amplifier 89DB 5-65 

ICL7652/B Chopper Stabilized Operational Amplifier 89DB 5-75 

LH0033/A Fast Buffer Amplifier 89DB 5-85 

LH0063 Very Fast Buffer Amplifier 89DB 5-95 

LH0101 Power Operational Amplifier 89DB5-101 

LT1001 Low Offset Operational Amplifier 89DB5-113 

OP07 Precision Operational Amplifier 89DB5-117 

OP90 Precision Low Voltage Micropower Op Amp , . '.' , DS 

PGA100 Programmable Gain Amplifier 89DB 5-123 
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Power-Supply Circuits 

MAX600 Low Cost AC-DC Regulator (110/220VAC to 5VDC-Full Wave) 89DB6-1 

MAX601 Low Cost AC-DC Regulator (110/220VAC to 5VDC--Half Wave) 89DB6-1 

MAX602 Low Cost AC-DC Regulator (8V RMS to 5VDC-Full Wave) 89DB6-1 

MAX610 AC-DC Regulator (110/220VAC to 5VDC--Full Wave) 89DB 6-5 

MAX611 AC-DC Regulator (110/220VAC to 5VDC--Half Wave) 89DB 6-5 

MAX612 AC-DC Regulator (8V RMS to 5VDC-Full Wave) 89DB 6-5 

MAX626 Dual Power MOSFET Driver DS 

MAX627 Dual Power MOSFET Driver DS 

MAX628 Dual Power MOSFET Driver DS 

MAX630/4193 CMOS Micropower Step-up Switching Regulator 89DB 6-17 

MAX631 CMOS Fixed/ Adjustable Output Step-Up Switching Regulator 5-1 

MAX632 CMOS Fixed/Adjustable Output Step-Up Switching Regulator 5-1 

MAX633 CMOS Fixed/Adjustable Output Step-Up Switching Regulator 5-1 

MAX634/4391 CMOS Micropower Inverting Switching Regulator 89DB 6-37 

MAX635 Preset/Adjustable Output CMOS Inverting Switching Regulator 5-9 

MAX636 Preset/Adjustable Output CMOS Inverting Switching Regulator 5-9 

MAX637 Preset/Adjustable Output CMOS Inverting Switching Regulator 5-9 

MAX638 +5V/Adjustable CMOS Step-Down Switching Regulator 5-17 

MAX641 Fixed Output 10W CMOS Step-Up Switching Regulator 5-25 

MAX642 Fixed Output 10W CMOS Step-Up Switching Regulator 5-25 

MAX643 Fixed Output 10W CMOS Step-Up Switching Regulator 5-25 

MAX644 Low Voltage Step-Up DC-DC Converter DS 

MAX645 Low Voltage Step-Up DC-DC Converter DS 

MAX646 Low Voltage Step-Up DC-DC Converter DS 

MAX647 Low Voltage Step-Up DC-DC Converter DS 

MAX650 -48V to +5V Output Switching DC-DC Converter 5-37 

MAX654 Low Voltage Step-Up DC-DC Converter 5-47 

MAX655 Low Voltage Step-Up DC-DC Converter 5-47 

MAX656 Low Voltage Step-Up DC-DC Converter 5-47 

MAX657 Low Voltage Step-Up DC-DC Converter 5-47 

MAX658 Low Voltage Step-Up DC-DC Converter 5-47 

MAX659 Low Voltage Step-Up DC-DC Converter 5-47 

MAX663 CMOS +5V/Adjustable Micropower Positive Voltage Regulator 5-59 

MAX664 CMOS -5V/Adjustable Micropower Negative Voltage Regulator 5-59 

MAX666 CMOS +5V/Adjustable Voltage Regulator with Low Battery Detect 5-59 

MAX667 +5V/Programmable Low-Dropout Voltage Regulator 5-67 

MAX680 +5V to ±10V Voltage Converter 5-69 

MAX681 +5V to ±1 0V Voltage Converter 5-69 

MAX690 Microprocessor Watchdog/Battery Switchover/Reset Generator 5-75 

MAX691 Microprocessor Watchdog/Battery Switchover/Reset Generator 5-75 

M AX692 Microprocessor Watchdog/Battery Switchover/Reset Generator 5-75 

MAX693 Microprocessor Watchdog/Battery Switchover/Reset Generator 5-75 
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MAX694 Microprocessor Watchdog/Battery Switchover/Reset Generator 5-75 

MAX695 Microprocessor Watchdog/Battery Switchover/Reset Generator 5-75 

MAX696 Microprocessor Supervisory Circuit/Battery Switchover/Programmable Reset 89DB 6-101 

MAX697 Microprocessor Supervisory Circuit/Programmable Reset 89DB 6-101 

MAX698 Low Cost Power-On Reset 5-89 

MAX699 Low Cost Power-On Reset and Watchdog Controller 5-89 

MAX700 Power-Supply Monitor with Reset 5-93 

MAX701 Power-Supply Monitor with Reset 5-93 

MAX702 Power-Supply Monitor with Reset 5-93 

MAX742 Dual-Output, Switch-Mode Regulator (+5V to 15V or 12V) 5-97 

MAX743 Dual-Output, Switch-Mode Regulator (+5V to ±1 5V or ±1 2V) 5-99 

MAX790 High-Performance Supervisory Circuit 5-103 

MAX791 High-Performance Supervisory Circuit 5-103 

MAX8211 Programmable Voltage Detector 89DB6-113 

MAX8212 Programmable Voltage Detector 89DB6-113 

ICL7660 CMOS Voltage Converter 89DB 6-117 

ICL7662 CMOS Voltage Converter DS 

ICL7663 Low Power, Programmable Positive Voltage Regulator 89DB 6-125 

ICL7664 Low Power, Programmable Negative Voltage Regulator 89DB 6-133 

ICL7665 Low Power Under/Over- Voltage Detector 89DB 6-139 

ICL7667 Dual Power MOSFET Driver DS 

TSC426 Dual Power MOSFET Driver DS 

TSC427 Dual Power MOSFET Driver DS 

TSC428 Dual Power MOSFET Driver DS 

Si7661 CMOS Voltage Converter DS 

Display Drivers/Counters 

MAX7231 8 Digit Triplexed LCD Decoder/Driver 89DB 7-1 

MAX7232 10 Digit Triplexed LCD Decoder/Driver 89DB 7-1 

MAX7233 4 Character Triplexed LCD Decoder/Driver 89DB7-1 

MAX7234 5 Character Triplexed LCD Decoder/Driver 89DB 7-1 

ICM7211 4 Digit LCD Decoder/Driver 89DB7-17 

ICM7212 4 Digit LED Decoder/Driver 89DB7-17 

ICM7218 8 Digit Multiplexed LED Decoder/Driver 89DB 7-41 

ICM7224 4 1/2 Digit LCD High Speed Counter/Decoder/Driver 89DB 7-53 

ICM7225 4 1/2 Digit LED High Speed Counter/Decoder/Driver 89DB 7-53 

ICM7228 8 Digit LED Display Driver 89DB7-41 

Timers/Counters 

ICM7217 4 Digit LED Presettable Up/Down Counter 89DB 7-33 

ICM7240 Programmable RC Timer/Counter 89DB8-1 

ICM7242 Fixed RC Timer/Counter 89DB8-1 

ICM7250 Programmable RC Timer/Counter 89DB8-1 

ICM7260 Programmable RC Timer/Counter 89DB8-1 
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ICM7555 Low Power, General Purpose Timer 89DB 8-9 

ICM7556 Low Power, General Purpose Dual Timer 89DB 8-9 

MM74C945 4 Digit Up/Down Counter/Decoder/Driver 89DB 7-61 

MM74C947 4 Digit Up/Down Counter/Decoder/Driver 89DB 7-61 

Interface 

MAX230 +5V Powered, Five RS-232 Transmitters with Power Shutdown 6-1 

MAX231 +5V and +12V Powered, Dual RS-232 Transmitters and Receivers 6-1 

MAX232 +5V Powered, Dual RS-232 Transmitters and Receivers 6-1 

MAX233 No External Component +5V Powered, Dual RS-232 Transmitters and Receivers 6-1 

MAX234 +5V Powered, Quad RS-232 Transmitters 6-1 

MAX235 No External Component +5V Powered, Five RS-232 Transmitters and Receivers 

with Power Shutdown and Receiver Three-State Enable 6-1 

MAX236 +5V Powered, Four RS-232 Transmitters and Three RS-232 Receivers 

with Power Shutdown and Receiver Three-State Enable 6-1 

MAX237 +5V Powered, Five RS-232 Transmitters and Three RS-232 Receivers 6-1 

MAX238 +5V Powered, Quad RS-232 Transmitters and Receivers 6-1 

MAX239 +5V and +1 2V Powered, Three RS-232 Transmitters and Five RS-232 Receivers 

with Three-State Receiver Enable 6-1 

MAX240 +5V Powered, Five RS-232 Transmitters and Receivers with Power Shutdown and 

Receiver Three-State Enable in Plastic Flatpak 6-1 

MAX241 +5V Powered, Four RS-232 Transmitters, Five Receivers with Power Shutdown 

and Receiver Three-State Enable in 28 Pin Small Outline 6-1 

MAX250 +5V Powered Isolated RS-232 Drivers/Receivers 6-17 

MAX251 +5 V Powered Isolated RS-232 Drivers/Receivers 6-17 

MAX252 Complete +5V- Powered Isolated Dual RS-232 Transceiver Module 6-29 

RR-3A Module Product Reliability Report 6-37 

Analog Filters 

MAX260 ^P Programmable Universal Switched-Capacitor Filter 89DB 10-1 

MAX261 ^P Programmable Universal Switched-Capacitor Filter 89DB10-1 

MAX262 u.P Programmable Universal Switched-Capacitor Filter 89DB 10-1 

MAX263 Pin Programmable Universal Switched-Capacitor Filter 89DB 10-25 

MAX264 Pin Programmable Universal Switched-Capacitor Filter 89DB 10-25 

MAX265 Resistor/Pin Programmed Universal Switched-Capacitor Filter 89DB 10-47 

MAX266 Resistor/Pin Programmed Universal Switched-Capacitor Filter 89DB 10-47 

MAX267 Pin Programmable Bandpass Switched-Capacitor Filter 89DB 10-25 

MAX268 Pin Programmable Bandpass Switched-Capacitor Filter 89DB 10-25 

MAX270 Digitally Programmed, Dual 2nd-Order Continuous Lowpass Filter 7-1 

MAX271 Digitally Programmed, Dual 2nd-Order Continuous Lowpass Filter 7-1 

MAX280 5th-Order, Zero -Error, Butterworth Switched Capacitor Lowpass Filter DS 

MAX281 5th-Order, Zero-Error, Bessel Switched-Capacitor Lowpass Filter 7-3 

LTC1062 5th-Order, Zero -Error, Butterworth Switched Capacitor Lowpass Filter DS 

MF10 Dual Second Order Universal Switched-Capacitor Filter 89DB 10-49 
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Analog Multiplexers 

MAX310 RFA/ideo8ChannelMultiplexer/Demultiplexer 89DB11-1 

MAX31 1 RFA/ideo Differential 4 Channel Multiplexer/Demultiplexer 89DB 11-1 

MAX328 Ultra-Low Leakage Monolithic CMOS Analog Multiplexer 8-1 

MAX329 Ultra-Low Leakage Monolithic CMOS Analog Multiplexer 8-1 

MAX358 Fault Protected 8 Channel Multiplexer 89DB 1 1-9 

MAX359 Fault Protected Differential 4 Channel Multiplexer 89DB11-9 

MAX368 Fault Protected 8 Channel Latched Multiplexer 8-3 

MAX369 Fault Protected 8 Channel Latched Multiplexer 8-3 

MAX378 High Voltage, Fault-Protected Analog Multiplexer 8-1 5 

MAX379 High Voltage, Fault-Protected Analog Multiplexer 8-15 

MAX453 2 Channel 50MHz Video Multiplexer/Amplifier 4-41 

MAX454 4 Channel 50MHz Video Multiplexer/Amplifier 4-41 

MAX455 8 Channel 50MHz Video Multiplexer/Amplifier 4-41 

MX7506 Monolithic CMOS Analog Multiplexer DS 

MX7507 Monolithic CMOS Analog Multiplexer DS 

DG506A 16 Channel CMOS Analog Multiplexer 89DB 11-21 

DG507A Differential 8 Channel CMOS Analog Multiplexer 89DB 11-21 

DG508A 8 Channel CMOS Analog Multiplexer 89DB 1 1 -27 

DG509A Differential 4 Channel CMOS Analog Multiplexer 89DB 1 1 -27 

HI-508A Fault Protected 8 Channel Multiplexer 89DB11-9 

HI-509A Fault Protected Differential 4 Channel Multiplexer 89DB11-9 

I H5 1 08 See MAX358 89DB 1 1 -9 

IH5208 SeeMAX359 89DB11-9 

IH6108 See DG508A 89DB 11-27 

IH6116 See DG506A 89DB 11-21 

IH6208 See DG509A 89DB 11-27 

IH6216 See DG507A 89DB 11-21 

Analog Switches 

MAX331 Quad SPST Normally Closed CMOS Analog Switch 89DB 12-1 

MAX332 Quad SPST Normally Open CMOS Analog Switch 89DB 12-9 

MAX333 Quad SPDT CMOS Analog Switch 89DB 12-17 

MAX334 High Speed Break-Before-Make Quad SPST Analog Switch 89DB 12-21 

MAX341 Dual SPST High Voltage CMOS Analog Switch 89DB 12-25 

MAX343 Dual SPDT High Voltage CMOS Analog Switch 89DB 12-25 

MAX345 Dual DPST High Voltage CMOS Analog Switch 89DB 12-25 

MAX348 Low Ron Dual SPST High Voltage CMOS Analog Switch 89DB 12-25 

DG200/A Dual SPDT CMOS Analog Switch 89DB 12-31 

DG201 A Quad SPST Normally Closed CMOS Analog Switch 89DB 12-1 

DG202 Quad SPST Normally Open CMOS Analog Switch 89DB 12-9 

DG21 1 Quad SPST Normally Closed CMOS Analog Switch 89DB 12-1 

DG21 2 Quad SPST Normally Open CMOS Analog Switch 89DB 1 2-9 
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DG300/A TTL Compatible CMOS Analog Switch 89DB 12-37 

DG301/A TTL Compatible CMOS Analog Switch 89DB 12-37 

DG302/A TTL Compatible CMOS Analog Switch 89DB 12-37 

DG303/A TTL Compatible CMOS Analog Switch 89DB 12-37 

DG304/A CMOS Analog Switch 89DB 12-43 

DG305/A CMOS Analog Switch 89DB 12-43 

DG306/A CMOS Analog Switch 89DB 12-43 

DG307/A CMOS Analog Switch 89DB 12-43 

DG381/A General Purpose CMOS Analog Switch 89DB 12-49 

DG384/A General Purpose CMOS Analog Switch 89DB 12-49 

DG387/A General Purpose CMOS Analog Switch 89DB 12-49 

DG390/A General Purpose CMOS Analog Switch 89DB 12-49 

IH5040 SPST Normally Open CMOS Analog Switch 89DB 12-55 

IH5041 Dual SPST Normally Open CMOS Analog Switch 89DB 1 2-55 

IH5042 SPDT CMOS Analog Switch 89DB 12-55 

IH5043 Dual SPDT CMOS Analog Switch 89DB 12-55 

IH5044 DPST Normally Open CMOS Analog Switch 89DB 12-55 

IH5045 Dual DPST Normally Open CMOS Analog Switch 89DB 12-55 

IH5048 Low Charge Injection Dual SPST Normally Open Analog Switch s 89DB 12-59 

IH5049 Low Charge Injection Dual DPST Normally Open Analog Switch 89DB 12-59 

IH5050 Low Charge Injection SPDT Analog Switch 89DB 12-59 

IH5051 Low Charge Injection Dual SPDT Analog Switch 89DB 12-59 

IH5140 Low Power Fast SPST Normally Open CMOS Analog Switch 89DB 12-63 

IH5141 Low Power Fast Dual SPST Normally Open CMOS Analog Switch 89DB 12-63 

I H5 1 42 Low Power Fast SPDT CMOS Analog Switch 89DB 1 2-63 

IH5143 Low Power Fast Dual SPDT CMOS Analog Switch 89DB 12-63 

IH5144 Low Power Fast DPST Normally Open CMOS Analog Switch 89DB 12-63 

IH5145 Low Power Fast Dual DPST Normally Open CMOS Analog Switch 89DB 12-63 

IH5341 Dual SPST Normally Open RFA/ideo Switch 89DB 12-67 

IH5352 Quad SPST Normally Open RFA/ideo Switch 89DB 12-67 

Appendix 

Package Unit Process Flow A-ii 

Surface Mount Products A-1 

Die and Wafer Sales A-2 

Maxim's /883 and /HR Program A-4 

Proprietary and Second Source Numbering System A-5 

Package Information A-6 

Maxim U.S. Sales Representatives A-26 

Maxim U.S. Franchised Distributors A-26 

Maxim U.S. Chip Distributors A-26 

Maxim International Representatives A-26 
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MAX133 3 3/4 Digit DMM Circuit 1-1 

MAX134 3 3/4 Digit DMM Circuit 1-1 

MAX138 3 1/2 Digit A/D Converter with Bandgap Reference & Charge 

Pump Voltage Converter 1-19 

MAX139 3 1/2 Digit A/D Converter with Bandgap Reference & Charge 

Pump Voltage Converter 1-19 

MAX140 3 1/2 Digit A/D Converter with Bandgap Reference & Charge 

Pump Voltage Converter 1-19 

MAX151 300kHz 10-Bit A/D Converter with Reference and T/H 1-27 

MAX155 High Speed, 8-Bit ADC with 8 Simultaneous T/H and Reference 1-29 

MAX1 56 High Speed, 8-Bit ADC with 4 Simultaneous T/H and Reference 1-29 

MAX162 Complete High Speed CMOS 12-Bit ADC 1-31 

MAX163 CMOS 12-Bit ADC with T/H 1-47 

MAX164 CMOS 12-Bit ADC with T/H 1-47 

MAX165 CMOS \iP Compatible 5ns, 8-Bit ADC 1-61 

MAX166 CMOS nP Compatible 5|is, 8-Bit ADC 1-61 

MAX167 CMOS 12-Bit ADC with T/H 1-47 

MAX170 Serial Output 5.6ns 12-Bit ADC 1-73 

MAX171 Opto-lsolated Serial Output 5.8|is 12-Bit ADC . 1-85 

MAX172 Complete10|is CMOS 12-Bit ADC 1-95 

MAX1 73 CMOS 5|xs 1 0-Bit Complete ADC with Voltage Reference 1-99 

MAX174 Industry Standard Complete 12-Bit ADC 1-103 

MAX177 CMOS 10-Bit ADC with T/H 1-119 

MAX178 12-Bit A/D Converter with T/H and Reference 1-123 

MAX180 Complete 8/6-Channel, 12-Bit Data Acquisition System 1-125 

MAX181 Complete 8/6-Channel, 12-Bit Data Acquisition System 1-125 

MAX182 4-Channel 12-Bit ADC with T/H and Reference 1-127 

MAX183 High-Speed 12-Bit A/D Converter 1-129 

MAX184 High-Speed 12-Bit A/D Converter 1-129 

MAX185 High-Speed 12-Bit A/D Converter 1-129 

MX574A Industry Standard Complete 12-Bit ADC 1-103 

MX674A Industry Standard Complete 12-Bit ADC 1-103 

MX7572 Complete High Speed CMOS 1 2-Bit ADC 1-31 
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General Description 

The MAX133 and MAX134 are integrating A/D con- 
verters for 3% digit multimeters and data acquisition 
systems such as data loggers and weigh scales. The 
A/D's internal resolution is ±40,000 counts. An extra 
digit is supplied as a guard digit to allow autozero 
or tare of a 4000 count displayed reading to 1/10 of 
a displayed count. The conversion time is 50ms. 

The MAX133 and MAX134 differ only in their micro- 
processor interface. The MAX133 has a 4 bit multi- 
plexed address/data bus while the MAX134 has 3 
separate address lines and a 4 bit bidirectional data 
bus. Both devices can be used with 4, 8, and 16 bit 
microprocessors. 

When controlled by a microprocessor, the MAX133 
and MAX134 can perform auto-ranging measure- 
ments from ±400.0mV to ±4000V full scale. External 
attenuator resistors are required, but range switch- 
ing is performed by the A/D. 

The power supply is typically a 9V battery or ±5V. 
Operating current is typically 100mA while standby 
current in only 25/iA. 

Applications 

Digital Panel Meters 

Weigh Scales 

Data Loggers 

Data Acquisition Systems 



Features 

♦ 40,000 Count Resolution 

♦ 0.025% Accuracy 

4 20 Conversions per Second 

♦ Microprocessor Interface 

4 100mA Operating Supply Current 
4 Low External Component Count 
+ 5m V Resolution 

♦ Demonstration Kit Available 
MAX134/DEMO 



Ordering Information 



PART 


TEMP. RANGE 






PACKAGE 




MAX133CPL 


o : c 


to 


+70° C 


40 


Lead 


Plastic 


DIP 




MAX133CQH 

' 


o°c 


to 


+70° C 


44 


Lead 


Plastic 


Chip 


Carrier 


MAX133C/D 


o°c 


to 


+70° C 


Dice 









MAX133EPL 


-40° C 


to 


+85° C 


40 


Lead 


Plastic 


DIP 




MAX133EQH 


-40° C 


to 


+35° C 


44 


Lead 


Plastic 


Chip 


Carrier 


MAX134CPL 


o°c 


to 


+70° C 


40 


Lead 


Plastic 


DIP 




MAX134CQH 


o°c 


to 


+70° C 


44 


Lead 


Plastic 


Chip 


Carrier 


MAX134C/D 


o°c 


to 


+70° C 


Dice 








MAX134EPL 


-40° C 


to 


+85° C 


40 


Lead 


Plastic 


DIP 




MAX134EQH 


-40° C 


to 


+85° C 


44 


Lead 


Plastic 


Chip 


Carrier i 



Typical Operating Circuit 



Pin Configuration 



ACTIVE FILTER 
COMPONENTS 



3'. DIGIT DISPLAY 




RANGE ANO FUNCTION 
SELECTOR SWITCH. 

AND OTHER 
USER INTERFACE 



Top View 






WHITE E 




iU READ 


DGND W 




a D0-LS8 


CHIP SELECT/|A0] Li 




a D1 


ALE/|A1| (Z 




m D2 


BUFF CLOCK 0UT/|A2) LX 




m D3— MSB 


v+ rr 




a BUFF 0UT2 


OSC. 1 LX 




S BUFF 0UT1 


OSC. 2 LX 




a CURRENT IN 


END DF CONVERSION LT 


a OHMS SOURCE 


BEEPER S 


MAX133 


a FILTER RESISTOR IN 


IN LO 01 


MAX134 


a v- 


INT OUT LH 




a EXT. AC IN 


INT IN LH 




a EXT. AC OUT 


FILTER AMP IN B± 




a 400m« IN 


FILTER AMP OUT LH 




a v REF 


I0MH H 




a n/c 


1.11MH LH 




a n/c 


ioi kn s 




a FILTER RESISTOR OUT 


iokfi m 




a COMMON 


ikn m 




a N/C (DGND OUT) 


Pin Names in parentheses are for MAX134 only. 
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ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 

V* to V- +15V 

V + to DGND +6V 

V- to DGND -9V 

Analog Input Voltage (any input) (Note 1) V + to V~ 



Reference Input Voltage V + to V~ 

Digital Inputs (DGND - 0.3V) to (V + + 0.3V) 

Power Dissipation 800mW 

Storage Temperature -65°C to + 160°C 

Lead Temperature (Soldering 10 sec) +300°C 



Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and functional 
operation ol the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum ratings conditions for extended periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS 

(V + = 9V, Ta = +25°C, Test Circuit unless otherwise indicated) 



PARAMETER CONDITIONS | MIN. TYP. MAX. | UNITS 


ANALOG 


Zero Input Reading 


Read Zero Mode. DC Volts 
Zero Input Offset Reading will be corrected 
Digitally in the /jP 


+5000 


Count 


AZero Input Reading 


Difference between 
1000VDC Scale, V !N = and 
3VDC and Scale. V iN = (Note 3) 


-2 +2 


Count 


'lOMO 


Leakage Current into 10MO Pin 


20 


PA 


Rollover Error 


IVin+I = |V,n-| = 3V 


-10 + 10 


Count 


Integral Linearity 


Best Fit Line 300mVDC Scale 
Not production tested 


-10 +10 


Count 


Differential Nonlinearity 


Deviation from ideal Count size 
Not production tested 


0.1 5 


Count 


Recovery Time 


Number of Conversions to settle to within 2 
Counts of final reading on 3 VDC Scale after 
attempting to measure a 2.95V Input on the 
300mV Scale. Unfiltered DC Mode 
Settle to 1 Count 


1 

2 


Conv. 


CMRR 


Vcm = ±500mV 

Vcm is (IN LO - Common) 


86 


dB 


Noise 


300mVDC Scale 
Zero Reading Mode 
Pk-Pk Value exceeded less than 5% of readings 


CM CVJ 


Count 


Zero Reading Drift 




0.1 


Count/" C 


Scale Factor Tempco 


300 mVDC scale Oppm ext Reference 


5 


ppm/°C 


AC TIMING 


w 


Figure 5. MAX133 


130 


ns 


'cc 


Figure 5. MAX133 


60 


ns 


•la 


Figure 5. MAX133 


-100 


ns 


•lc 


Figure 5. MAX133 


1500 


ns 


•a 


Figure 5. MAX 133 


20 


ns 


•rd 


Figure 5, MAX133 


100 


ns 


t C L 


Figure 5. MAX133 


-130 


ns 


*DW 


Figure 5. MAX133 


100 


ns 


•acc 


Figure 4, MAX134 


3250 


ns 


*EN 


Figure 4, MAX134 


80 


ns 


'op 


Figure 4, MAX134 


80 


ns 


•as 


Figure 4, MAX134 


2500 




'ds 


Figure 4, MAX134 150 ns 


'dh 


Figure 4. MAX134 


-75 


ns 


'ah 


Figure 4. MAX134 


-85 


ns 



Note 1: Input Voltage may exceed supply voltages, provided the Input Current is limited to ±1mA. 

Note 2: Analog performance is specified in counts relative to a 40,000 count full scale; i.e. a spec of 5 counts would correspond to 1/2 

of one count on a 3% digit meter. 
Note 3: This parameter is guaranteed by testing the input bias currents of the input pins 10MO and 1.11 MO. 
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Circuit 



ELECTRICAL CHARACTERISTICS (continued) 

(V+ = 9V, T A = +25°C, Test Circuit unless otherwise indicated) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNITS 


POWER SUPPLY AND DIGITAL SECTION 


Digital 

Ground Voltage 


DGND 


Referenced to V + 
5^A < l s , NK < 500uA 


-4.5 


-5 


-5.5 


V 


Analog COMMON 
Voltage 




(V + — Common) 

250kn between V + and COMMON 


2.8 


3.0 


3.3 


V 


Analog COMMON 
Sink Impedance 




■*V IcOMMON ' 1( 3mA tO IcoMMON = 2mA 




4 


20 


n 


Analog Common 
Source Capability 




For ^V comm on < 0-5V 


1 




Tempco of Common 






80 


ppm/°C 


Output High 


V H 


Do_ 3 , Data Ready 
Iout = -100mA 


V + - 0.5 


V 


Output Low 


Vol 


D _ 3 , Data Ready 
'out ■ 400/uA 


0.4 


V 


Input High 


V,h 


D o-3. Ao-3. Data Ready, RD, WR 


70 


45 




% (V + 
- DGND) 


Input Low 


«IL 


D^, Aij.3, Data Ready, RD, WR 




1.6 


0.8 


V 


Supply Current 


Isupp 






100 


250 


MA 


Sleep Current 


'sleep 




25 


mA 


Low Battery 


Vlbat 


Low Battery Flag On 


6.3 


6.8 


7.5 


V 



TEST CIRCUIT AND BASIC DMM 
VOLTAGE AND CURRENT MOOES 



— tV® f 



VOLTAGE 1 
INPUT 



I0MI! I 
VA — i- 



l.UIIMIl 
-W, 



ioikh 



w I " 



ikn 
wv- 



655m» I50HH 
,545mV IBOHz] 



n 

IN LO 
ION 
I 1M 

lOlkll 
■ Okll 
Ik!) 



VKsmV [0UH2J 



10pF 



V«Sf 0SC1 



/M/IXI/M 

MAX133 
MAX134 

ANALOG 

CIRCUIT 



EXT AC 
OUT 

EXT AC 
IN 

FILTER 
AMP 
OUT 
FILTER 
AMP 
IN 

FILTER 
RESISTOR 
OUT 
FILTER 
RESISTOR 
IN 

INT OUT 
OGNO 

400m» CURRENT BUF 1 BUF 2 INT IN 



N/C-MAXI33 
DGND OUT— MAXI34 



40CM 
INPUT « 



270k(! 
— VA- 



[ 0511 
OR 

I LOT! 



IT 





t IF 2 -] 

►i.am 


14 


1 1 1 zaiF 


23 


31 


njKi 


— w. 1 



RflTHI 



Rum 

L -Wr*-WV 

301k! ■ 30lkll 



NOTE: Pin Numbers are for the 40 Lead DIP 



EXTERNAL 
AC-DC 
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System Considerations 

The MAX133/134 is intended for use with a micro- 
processor. The MAX133/134 contains an A/D and 
auxilliary circuitry such as attenuator range switches, 
a piezoelectric beeper driver, an active filter, a low 
battery detector, and both analog and digital power 
supplies; but it does not include any display drive 
capability. The MAX133/134 reduces the component 
count and system cost by minimizing the external 
components required for the analog portion of the 
system, but does not restrict final product features by 
including autoranging or other digital control func- 
tions. The MAX133/134 is intended to work as the 
analog front end of a microprocessor, with the 
features of the end product being determined by the 
microprocessor software. Table 1 shows how the 
execution of several typical functions is partitioned 
between the MAX133/134 and the microprocessor. 

The MAX133/134 provides all of the logic and counters 
for control of the conversion sequence, and the ex- 
ternal microprocessor does not have to perform any 
critical timing or complex control of the MAX133/134. 
The MAX133/134 has range switches for a 5 decade 
attenuator which uses external resistors, and has 
additional mode-selection circuitry for performing 
voltage, current, AC or DC, ohms, and continuity 
measurements. The 5 decade attenuator and mode- 
selection circuitry is controlled by an external micro- 
processor via control bits written into the MAX133/134. 

The MAX133/134 has normal mode rejection of line 
frequency of at least 80dB on the voltage ranges; the 
microprocessor selects rejection of either 50Hz or 

Table 1. Coordination of the MAX133/134 and the Microprocessor 



60Hz by setting a MAX133/134 control bit. A two pole 
active filter can also be turned on by the micro- 
processor, adding about 40 dB normal mode rejection 
above 50Hz. See the "Digital Interface" section for 
details on which functions can be controlled by the 
external microprocessor. 

The basic blocks of the MAX133/134 are 
A/D section 
Input Range Switching 
Ohms Circuitry 
Active Filter 

Power Supply, Common, Low Battery Detector 
Oscillator and Beeper Driver 
Digital Interface 

A/D Section 

The A/D uses a "residue multiplication" conversion 
scheme to provide a full ±40,000 count resolution 
reading every 50 milliseconds, while still providing 
the excellent noise performance and power line 
normal mode rejection associated with integrating 
A/Ds. See "Conversion Method and Timing" below 
for details of the conversion method. All timing and 
A/D conversion phase control is performed by the 
MAX133/134 without microprocessor intervention. 
The A/D section will perform a non-zero-corrected 
conversion every 50 milliseconds (20 conversions per 
second). 

The microprocessor must periodically direct the 
MAX133/134 to perform a read zero conversion, which 
also takes 50 milliseconds. This read zero conversion 
is a conversion performed with IN LO internally 



FUNCTION 


MAX133/134 ACTION 


MICROPROCESSOR ACTION 


Autoranging 


Contains the attenuator control 
switches. Selects 400mV to 4000V 
ranges as directed by the 
microprocessor. 


Detects overload and commands the 
MAX133/134 to select the next higher range. 
Range switching hysteresis and manual range 
selection is controlled by the microprocessor. 


Zero Reading 

(system offset correction) 


Internally shorts the A/D inputs and 
performs a measurement of system 
offset when directed by the 
microprocessor. 


Periodically commands the MAX133/134 to 
perform a zero reading. Subtracts this zero 
reading from normal readings to correct for the 
internal offset of the MAX133/134. 


Range/Function Selection 


Selects Ohms/Current/ AC- 
DC/Voltage/Continuity as directed by 
the microprocessor. 


Maintains the user interface, and directs the 
MAX133/134 to select the desired range. 


Display of Readings 


Max 133/134 provides raw, non-zero- 
corrected data to microprocessor. 


The microprocessor performs zero correction 
and any gain correction or scaling that is 
desired. The microprocessor then displays the 
information, using either its own display driver 
capability or an external display driver. 


Value added DMM features such as 
display hold, peak hold, either manual 
range selection or autoranging, peak 
reading hold, min/max display, 
thermocouple linearization, etc. 


Performs conversions as directed by 
the microprocessor, returning the A/D 
results to the microprocessor. 


Uses the MAX133/134 conversion results and 
software routines to provide a multitude of 
product features. 


Digital panel meter features such as 
zero and span adjustment, high/low 
limit alarms, display in engineering 
units, etc. 


Performs conversions and range 
selection as directed by the 
microprocessor. 


Takes the MAX133/134 readings, performs zero 
offset and scale corrections, then displays the 
results. The microprocessor also performs such 
functions as high/low limit alarms. 
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shorted to IN HI, and the result of this zero conversion 
must be subtracted (by the microprocessor) from 
normal measurements to obtain a zero-corrected read- 
ing. The zero correction that must be subtracted is 
determined by the MAX133/134's internal offsets. Since 
these offsets are relatively slow changing, zero con- 
version readings need only betaken often enough to 
track long term drifts and temperature changes. The 
zero conversion reading will change slightly with a 
change in common mode input voltage or reference 
voltage, and a new zero conversion reading should 
be taken if either of these change. 

In ratiometric ohms measurement the reference vol- 
tage will change significantly as the value of the 
unknown resistor varies. To reduce the errors caused 
by the system offset the MAX133/134 "chops" the 
input buffer and integrator. The "chop" consists of a 
reversal of the input transistors during the conversion 
cycle. The timing of this chop is such that in the R/2 
or ohms measurement mode, the system offset is 
almost completely nulled out if the X2 mode is not 
selected. Even if the X2 mode is selected, the system 
offset does not exceed 5000 counts on any range. 
Since the internal full scale range of the MAX133/134 
is greater than ±49,000 counts, at least ±40,000 counts 
of resolution are available after zero offset correction. 

Each conversion result is latched into a Conversion 
Register which can be read by the microprocessor. 
The data format is nines complement BCD (a zero 
reading is 00000, a -1 reading is 99999, a -25000 
reading is 75000). The nines complement form is the 
most convenient BCD format since the addition of 
the nines complement of a number is equivalent to 
subtracting that number. See "Software Notes" for 
simple BCD to binary conversion algorithms. 

The last digit of conversion is used for digital autozero 
and is usually not displayed. Note that each count of 
the least significant digit of the MAX133/134 output 
corresponds to 1/10 of a count if a 4000 count full 
scale display is used. For current ranges with a 
voltage drop of only 200mV, the measured reading 
can be multiplied by two by using the X2 ("times 2") 
function of the MAX133/134. The X2 function reduces 
the Rint resistor value by a factor of two during the 
Integrate phase. With the X2 range, a 200mV input 
voltage will result in a full scale, 4000.0 measured 
reading. Alternatively, the normal 400mV range can 
be used, with the multiplication by two being done by 
the microprocessor digitally. In this case, each count 
of the least significant digit is 1/5 of a displayed 
count. A 100mV full scale voltage drop can be 
achieved by using both the MAX133/134 X2 range 
and a digital times 2 multiplication in the micro- 
processor. 

Each of the 20 conversions per second has a Zero 
Integrator phase to ensure rapid recovery from over- 
load, and the MAX133/134 will recover to within 2 
counts one conversion after an overload of 10 times 
full scale when the onboard active filter is not used. 



Input Range Switching 

In voltage measurement ranges other than 400mV, 
voltages are applied to the pin labeled 10MH through 
a 10MH resistor. By selecting the proper shunt resis- 
tors (1.1 Mfi through 1Kfl) the input voltage will be 
attenuated to a 400mV range. The input attenuator 
switch section includes analog switches to switch 
both the input current and to sense the voltage on 
the shunt resistor. Other input switching functions 
select between the output of the input attenuator and 
the voltage developed across the current sensing 
resistors during current measurement. See Figure 1. 

The 5pA input bias current of the MAX133/134 might 
result in unacceptable errors with a 10MH input resistor 
on the 400mV scale, so a separate pin with a 100kfi 
to 1MH input resistor is used for the 400mV scale. 
The 10Mfi resistor used on the higher voltage ranges 
does not cause appreciable error since the input 
leakage current is shunted to ground through the 
1.11Mn to 1kfl attenuator shunt resistors. 

To avoid errors that might occur through coupling of 
high frequency, high voltage signals from the input of 
the attenuator to the low level 400mV and Current 
inputs, these two inputs have 10kfl switches which 
connect them to Common whenever they are not 
selected. 

The input section also includes switches to allow an 
external AC-DC converter to be inserted into the 
signal path. Figure 10 shows a typical average-sensing 
RMS-calibrated AC-DC converter. 

Ohms and Diode Measurement 

The input attenuator resistors are also used as refer- 
ence resistors in the ohms mode. Note that the 10Mfi 
resistor must be externally paralleled with the other 
resistors to get exactly 1Mfl, 100kfi, etc. The ohms 
source buffer input is usually connected directly to 
the external bandgap reference or to another 1.25V 
source. In the 4kO through 40MO ranges there will be 
a total of 1.25V across the series combination of 
reference resistor, unknown resistor, and the input 
protection network; and the maximum voltage across 
the unknown resistor at full scale will be less than 
400mV. On the 400H range, the ohms voltage source 
is a diode connected to V + through a 2kO p-channel 
switch. With a 3V Common voltage, this supplies 
approximately 2.2V across the series combination of 
reference resistor, unknown resistor, and input pro- 
tection network. This higher voltage is used on the 
400n range to compensate for the decrease in 
reference voltage caused by the input protection 
network. The MAX133/134 are designed to operate 
with PTC protection resistors of 2kn or less. 

The voltage across the reference resistor is used as 
the reference voltage for the A/D when in the ohms 
mode, and the differential voltage between IN LO and 
IN HI is the input signal. The integration period is 
500 counts, independent of the 50/60Hz control bit 
setting. 
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Figure 7. MAX133/134 Input Section 



The digital output code is 

50000 x "unknown 
Rref 

with a maximum non-zero-corrected output code of 
±49,520 and a maximum zero reading of 5000. 

A 1kn reference resistor is used for the 400ft full 
scale, a "lOkft reference for a 4kft full scale, etc. A 
10Mft reference resistor is used for both the 4Mft full 
scale and the 40Mft full scale. To get the correct 
results in the ohms measurement or R/2 mode, the 
conversion result must be multiplied by two either 
digitally by the microprocessor or by using the X2 
range, except on the 40Mft scale. The 40Mft range 
has the same reference resistor as the 4Mft range but 
a times 10 scale factor is obtained by not multiplying 
by 2, and by activating the +5 function. If the times 2 



multiplication is performed by the microprocessor, 
the Read Zero offset of the MAX133/134 in the ohms 
mode will be just a few counts, and will be nearly 
independent of the value of the unknown resistor 
being measured. If the MAX133/134 X2 mode is used 
to multiply by 2, then frequent Read Zero readings 
should be taken, since the read zero offset is inversely 
proportional to the reference voltage, and the refe- 
rence voltage varies as the resistance of the unknown 
resistor varies. 

Since the input protection PTC resistor shown in 
Figure 2 reduces the reference and input voltage, 
particularly on the 400ft scale, the PTC resistance 
should be as low as is possible while maintaining the 
desired level of protection. Greater than 2kft PTC 
resistance will increase the noise level of measure- 
ments on the 400ft range. 
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Since the MAX133/134 does not use a reference 
capacitor, the only limit on the response time in the 
ohms mode is the active filter. Even when the active 
filter is turned off, Rfilteri is still connected, and the 
input voltage must charge the filter capacitors. This 
will generally be noticed only on the 4MO and 40MO 
ranges. 

A diode test range can be implemented by simply 
connecting to V + the PTC used for input protection 
in the ohms ranges. The PTC then delivers approxi- 
mately 1 mA of current to the diode. The diode voltage 
can be measured either on the standard 4V scale, or 
on the 400mV scale with the +5 function activated to 
result in a 2V full scale. As always, the latched 
continuity circuit is active, and it will latch whenever 
the input voltage goes below approximately 100mV. 
The microprocessor can also test the measured 
voltage at the end of each conversion if a more 
precise detection of continuity threshold is desired. 

Active Filter 

The 2 pole active filter circuit is shown in Figure 3. 
The op amp's offset has no effect on the DC accuracy 
since the op amp is only AC coupled and the DC 
signal path is only through the passive 1Mft resistor. 
Note that the active filter will limit the speed of 
response of the MAX133/134 to input voltage changes, 
and for that reason it may be desirable to disconnect 
the input filter during autoranging. Since the source 
impedance at the filter input varies with the input 
attenuator selected, the response time will be slower 
on the 4V range. 

Oscillator and Beeper Driver 

The MAX133/134 is designed to operate with a 
32768Hz tuning fork crystal similar to the Statek 
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CX-1V, using only one external capacitor and no 
external resistors. If desired, the MAX133/134's OSC1 
pin can be driven externally. 

The 32kHz clock is used internally as the clock for 
the sequence and measurement counters. The 32kHz 
clock is also divided down to 2048Hz and 4096Hz for 
driving a beeper. The beeper output swings from 
V + to V" and can directly drive piezoelectric beepers. 
Two control bits set by the microprocessor select the 
frequency (2048 or 4096 Hz) of the beeper and turn it 
on or off. Since the beeper is controlled by the 
microprocessor, it can be used for both continuity 
indication and for an audible operator feedback signal 
for peak hold or range changes. 

Power Supply: Common, 
Digital Ground, Low Battery Detector 

Both the MAX133 and MAX134 can operate from 
either a nominal 9V battery or a ±5V supply. The 
maximum power supply current in DC voltage and 
DC current modes is 250^A, with a typical operating 
current of 100mA. 

Analog Common is derived from a zener and is 
nominally 3.0V below V + . For lowest cost applications 
the Common voltage, with a tempco of 80ppm/°C, 
may be usable as a reference. In most applications, a 
bandgap reference will be connected to Common, 
with a pullup resistor to V + , and a voltage divider 
connected across the bandgap reference to generate 
the 545mV (60Hz operation) or 655 (50 Hz operation) 
reference voltage. In a battery powered meter, the 
Analog Common pin is used as the system ground 
reference point. 

The MAX133 and MAX134 also generate a Digital 
Ground voltage, which is nominally 5V below V + , 
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Figure 2. Ohms Mode and Diode Test 



Figure 3. Active Filter 
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and which will remain in the range of 5V ±10% 
while sinking 5/uA to 500pA. The DGND generator 
has substantial current sinking capability, but can 
easily be pulled to a more negative voltage since 
the current sourcing capability is only 1 /j.A typical. 
The MAX133 internally connects the Digital Ground 
generator to the DGND pin. Normally the MAX133 
is powered by a 9V battery and the Ground, V - , or 
Vss pin of the microprocessor is connected to the 
MAX133 DGND pin. 

The MAX134 connects the DGND voltage generator 
to the pin, DGND Out, and the MAX134 DGND pin 
is an input only. For use with 9V batteries, ex- 
ternally connect the MAX134 DGND Out pin to the 
MAX134 DGND pin. For use with external ±5V 
power supplies, connect the DGND pin to ground, 
V + to +5V and V" to -5V. 

The MAX133/134 has an onboard low battery detect 
circuit that will indicate when the battery voltage is 
approaching the minimum operating voltage of the 
MAX133/134, which is approximately 6.8V. 

Digital Interface 

The MAX133 and MAX134 differ only in their digital 
interface. The MAX133 has a multiplexed address 
and bidirectional data bus, while the MAX134 has 3 
separate address lines in addition to a bidirectional 
data bus. In both products, the data bus has 4 bits, 
allowing the use of the MAX133/134 with both 4 bit 
and 8 bit microprocessors. 

MAX 134 Digital Interface 

The digital interface between the MAX134 and the 



controlling microprocessor is via a 4 bit bidirectional 
bus, D0-D3. In addition to the 4 data bus lines, t here 
are 3 address lines and 2 control signals: A0-A2, WR, 
and RD. 

The three addres s lin es, A0-A2 select one of 5 control 
registers. When WR goes low, data will be written 
from the bus into the MAX134 control register ad- 
dressed by A0-A2. When RD is low, the MAX134 will 
drive the bidirectional bus, placing on it the data 
contained in the results or status register addressed 
by the address inputs A0-A2. Figure 4 shows typical 
read and write sequences. 

Digital Interface, MAX 133 

The MAX133 uses only 7 lines to interface with the 
microprocessor. The microprocessor first selects the 
register to be read or written to by placing the address 
of the register onto the 4 bit multiplexed address/data 
bus. The microprocessor then pulses the Address 
Latch Enable (ALE) line high to latch the register 
address into the MAX 133. To read the s electe d register, 
the microprocessor then drives the Read line low, 
and the MAX133 places the register data onto the 
data bus. To write to the selected register the address 
is latched as described above, then the micropro- 
ces sor pl aces the data onto the bus and then pulses 
the Write line low. The MAX133 latches the data into 
th e data into the selected register on the ri sing edge 
of Write. See Figure 5. The Chip Sel ect ( CS ) line 
must be low to enable either the RD or WR lines, but 
ALE is not gated by CS. 
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Digital Interface, MAX133 and MAX 134 

In most cases, the EOC signal will be either 
monitored by an I/O pin, or it will drive an Interrupt 
pin on the microprocessor. In battery powered sys- 
tems, it may be desirable to put the microprocessor 
into a sleep or standby mode until EOC goes high. 
The microprocessor then performs any required 
data processing and display updates, then reenters 
the sleep mode. This conserves battery power since 
the microprocessor power consumption is minimized. 

The data that has been latched in the MAX 133/1 34 
control registers does not immediately affect oper- 
ation. The input registers are double buffered, and the 
control bits take effect during the 21st clock cycle 
after EOC goes high. In the hold mode, the double 
buffered registers are transparent, and any updates to 
the registers take effect immediately, as do any 
changes made during the one clock cycle period at 
the end of each conversion during which the second 
rank of buffers are being updated. 

Description of Output Bits 

The data format is nines complement BCD. For 
example: 



MEASUREMENT RESULT 


BCD DATA 


+40000 


40000 


+00100 


00100 


+00001 
+00000 
(there is NO -00000) 
-00001 


00001 
00000 

99999 


-00100 


99900 


-40000 


60000 



The Latched Continuity bit will be high if the input 
voltage has gone below the continuity threshold of 
approximately 100mV since the last time the register 
was read. Each time this register (Register 5) is read, 
the continuity latch is reset. 

The Low Battery bit is high whenever the battery 
voltage is below the low battery detect voltage. 

The Holding bit is low whenever the MAX133/134 is 
in the hold state. 



Description of Control Bits 

Hold. A 1 in Hold will stop conversions at the end of 
the next conversion. If the MAX133/134 is in the Hold 
mode, a conversion will start on the next clock cycle 
after Hold is set to 0. The oscillator continues to run 
and all circuitry is active during the Hold mode. 

High Frequency. A 1 in the High Frequency bit will 
select 4096Hz as the beeper frequency. A will select 
2048Hz. 

Beeper On. A 1 turns on the beeper driver. 

Sleep. A 1 in Sleep puts the MAX133/134 into the 
standby or sleep mode. The Common voltage buffer 
is turned off and the internal analog circuits are 
turned off, but the DGND circuitry is still active. The 
oscillator continues to run. Current consumption is 
reduced to 25/zA. Several conversions must be per- 
formed after exiting the Sleep mode before full con- 
version accuracy is obtained. 

10-0 through 10-4. These bits control the attenuator 
network switches. The 10-0 bit selects the 10Mn 
input without activating any shunt resistors. This is 
an alternate 400mV input. The 10-1 bit activates the 
10:1 attenuation by selecting the 10Mfl input and 
connecting the 1.111Mn shunt. Similarly, 10-2, 10-3, 
and 10-4 bits selects input attenuation factors of 100, 
1000, and 10,000 respectively. In the ohms mode 
these bits set the resistance range. 



| 

i 



Table 2: Register Map of Output Data 

From the MAX133/134 to the Microprocessor 



ADDRESS OR 
REGISTER NUMBER 


REGISTER NAME 


REGISTER CONTENTS 









Ones 


Conversion Result 

BCD data for least significant digit 

(The undisplayed digit used for digital autozero) 




1 


Tens 


BCD data of Conversion Result 
(Least significant displayed digit) 






2 


Hundreds 


BCD Data of Conversion Result 






3 


Thousands 


BCD Data of Conversion Result 






4 


10 Thousands 


BCD Data of Conversion Result 






5 


Status 


D3 D2 
Always 1 Latched Continuity 


D1 
Holding 


DO 

Low Battery 
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Table 3. Register Map of Input Data 

From the Microprocessor to the MAX133/134 



BIT SET 


VOLTAGE 
RANGE 


OHMS 
RANGE 


10-0 


400mV 


4MOand 40Mfl 


10-1 


4V 


400kfl 


10-2 


40V 


40kn 


10-3 


400V 


4kn 


10-4 


4000V 


40on 



NOTE: The divider sense bit must also be set to enable the 10-0 
through 10-4 bits. 



SOHz. When set to 1 the integration period for voltage 
measurement is one cycle of the 50Hz power mains 
(655 clock cycles). When 0, the integration period is 
one 60Hz power line cycle (545 clock cycles). 

X2. Setting the bit to 1 activates the MAX133/134 
"times 2" function. When X2 is active, Rint2 only is 
used as the integrator resistor during the integration 
phase. Rinti and Rint2 in series are used as the 
integration resistor for all deintegration phases and 
for the integration phase when X2 is 0. If Rinti = 
R|NT2 then setting the X2 bit doubles the digital 
output for a given input voltage. 

+5. When this bit is set to a 1 the integration period 
is reduced by a factor of 5. This reduces the digital 
output code by a factor of 5, and allows a higher 
input voltage to be used. The full scale input 
voltage is multiplied by 5 when this bit is set, but 
caution should be used to make sure that the 2/*A 
maximum recommended integrator output current 
is not exceeded, or the MAX133/134 linearity will be 
degraded. 

Ohms or ft/2. Setting this bit to a 1 selects the ohms 
measurement mode. See "Ohms and Diode Measure- 
ment" section above. Set the Divider Sense to for 
ohms measurements. 

Read Zero. Setting this bit to a 1 causes the next 
conversion to be a Read Zero conversion. A read 
zero conversion is performed with In Hi and In Lo 
internally shorted, and the reference selected by the 
other control bits is used. The read zero conversion 
result is proportional to the internal offsets of the 
MAX133/134, and this result should be subtracted 
from other measurements to get zero-corrected 
readings. 

Filter On and Filter Short. These bits control the 
active filter. See Figures 1 and 3. 



R/2 
On 



FILTER ON 


FILTER SHORT 


FUNCTION 


1 





Normal filter on 






condition 


1 


1 


Filter on, Rfilteri is 






bypassed. Use this bit 






combination to 






compensate for the 






higher source 






impedance of the 4V 






range. 





1 


Bypasses the Filter. 








Invalid combination, 






do not use. 



DC. This bit selects the DC mode when set to 1 and 
selects the AC mode when it is 0. This bit should also 
be set for ohms measurement. 

External AC. This bit should be set to 1 whenever the 
AC mode is selected (DC=0). 

Divider Sense. This bit, the 10-0 through 10-4, and 
the Current bits select the input signal source. Divider 
sense should be 1 whenever the input attenuator is 
selected. Set Divider Sense to to select the 400mV 
input. 

Current. Set divider sense to and the Current bit to 
1 to select the Current input. Note that while this bit 
and the associated pin are named "Current", the 
actual input is the voltage drop across an external 
current sensing resistor. 

Component Selection 

Integration Resistors 

For an accurate times 2 multiplication in the X2 
mode, the two Rinj resistors must be exactly equal. If 
the X2 mode is not needed, then connect a 604kfi 
Rinti between Buffer Out1 and the integration 
capacitor Cint, and leave Buffer Out2 open. The 
value of both R| NT i and Rint2 is normally 301 kn for a 
545mV or 655mV reference. This sets the integrator 
output current to 2/nA during the Deintegrate phase, 
resistors proportionately. Do not exceed 8/jA integrator 
current. 



ADDRESS OR 

REGISTER NUMBER 03 02 01 D0 

Hold High Frequency Beeper ON Slee 

1 10-0 Filter Short +5 50H 

2 10-4 10-3 10-2 10-1 

3 DC Ext AC Divider Sense Ohms 

4 Current X2 Read Zero Filter 
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Integration Capacitor 

The normal value for the integration capacitor is 
4.7nF. This value, in combination with the integrator 
output current and the clock frequency sets the inte- 
grator swing to about 3V for the voltage ranges when 
Rinti = Rint2 = 301 kn and the clock frequency is 
32,768Hz. While the same integrator swing can be 
achieved with other values of capacitors by changing 
the value of Rint. lower values of Cint may introduce 
more noise through increased pickup of noise and 
50/60Hz signals. Excessively high values of Cint will 
also cause noise problems by reducing the integrator 
swing to unacceptably low values, causing the com- 
parator noise to dominate the conversion errors. Large 
values of Cint will also cause linearity errors since 
the settling time of the internal times 10 circuitry is 
affected by the value of Cint- 

The dielectric absorption of the integration capacitor 
directly affects the integral linearity, and high quality 
polypropylene capacitors are recommended. Poly- 
carbonate and polystyrene capacitors may give satis- 
factory performance in less demanding applications, 
while the fourth choice, polyester (Mylar), will cause 
about 0.1% integral non-linearity. 

Active Filter Components 

The RC time constant of the active filter components 
sets the rolloff frequency of the filter. The effective 
value of the Rfilteri (Figure 3) is the sum of its value 
plus the source impedance driving the filter. In the 
30V range for example, the effective source impedance 
is the 101 kn resistor in the attenuator. In the 3V 
range, the effective source impedance is 1Mfl. This 
variable source impedance will alter the filter charac- 
teristics somewhat as the different voltage ranges are 
selected. The effect of the different source impedances 
can be minimized by increasing the value of the filter 
resistors while decreasing the value of the filter capaci- 
tors proportionately. This, however, will increase the 
offset error caused by the A/D input leakage current 
flowing through the filter resistors. For most appli- 
cations, filter resistor values between 1MO and 3Mfl 
are optimal. 

The RC time constant sets the filter rolloff frequency. 
A low rolloff frequency improves the normal mode 
rejection, but at the expense of a longer settling time 
in response to input voltage step changes. Another 
consideration when an LCD bargraph is used is 
aliasing. If the bargraph is updated at 20 times per 
second and there is a 19Hz component in the signal 
being measured, the beat frequency of 1Hz will appear 
on the LCD bargraph display. To avoid aliasing effects, 
the filter time constant is normally set to less than 
10Hz. A 3Hz rolloff (RC = 40ms) further reduces the 
aliasing effects and increases normal mode rejection 
while still maintaining an acceptable transient re- 
sponse with fast varying signals. 

Dielectric absorption in the filter capacitors will create 
a small, long time constant settling error; therefore 
polypropylene capacitors are recommended. 

ynyjxi^n 



Crystal, and Crystal 
Oscillator Capacitor 

The MAX133/134 oscillator is designed to use high Q, 
low power 32,768Hz crystals such as the Statek CX-1 V. 
The series resistance should be less than 30kfl. 

The oscillator capacitor connected to OSC2 is typi- 
cally 10pF, but should be adjusted to optimize per- 
formance with the chosen crystal. If overtone oscil- 
lations are observed, then increase the value of the 
oscillator capacitor. If on the other hand, the oscillator 
has start-up problems, then reduce or eliminate the 
oscillator capacitor. Keep the stray capacitance across 
the crystal to a minimum since excessive stray capa- 
citance will prevent oscillation. 

Attenuator Network 

The attenuator network and the associated range 
selection switches are shown in Figure 1. If the 
resistance of the internal range selection switches 
were On, then the theoretically ideal values for the 
attenuator network would be 10Mfl, 1.1111 MO, 
101.101 kfl, 10.01 kH and 1.0001kn. 

The voltage coefficient of the 10Mn resistor should 
be as low as possible, since it will have high voltages 
applied to it in the 400V and 4,000V ranges. In 
addition, the temperature coefficients of the various 
attenuator resistors should be as low as practical 
since this affects the accuracy of the ohms measure- 
ments. The temperature coefficients of the attenuator 
resistors should track each other since the ratio of 
the resistor values sets the accuracy of the voltage 
measurements. 

Input A ttenuator 
Compensation Capacitors 

The input attenuator is often compensated with low 
value capacitors to maintain a constant attenuation 
ratio over a wide bandwith. The value of the compen- 
sation capacitors should be as low as practical, 
otherwise the 10Mn pin will be driven above V + or 
below V- when high frequency, high voltage signals 
are applied to the attenuator input, causing gross 
conversion errors. 

Positive Temperature 
Coefficient Resistor (PTC) 

As shown in Figure 2, a PTC is normally used as part 
of the protection circuit in the ohms mode. Excessive 
values of PTC resistance, however, reduce the voltage 
across the unknown and reference resistors, partic- 
ularly on the 400n range. PTC resistances above 2kn 
will degrade system performance by reducing the 
signal level on the 400n range, thereby increasing 
the conversion noise. Values above 5kn will cause 
additional error since the voltage drop across the 
PTC appears at the A/D as a common mode 
difference between IN HI and Ref LO. 

Microprocessors 

For low cost 2 chip digital multimeters, 4 bit micro- 
processors with LCD display drive capability are 
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Figure 8. Buffer and Integrator Waveforms with a Small Positive 
Input Voltage 



recommended. Typical 4 bit microprocessor families 
include the Sharp SM4 and SM5, the NEC M PD75XX 
family, and the Hitatchi LCD-Ill and LCD-IV families. 
If additional calculation power is needed, or if soft- 
ware development costs and time need to be mini- 
mized, then 8 bit microcontrollers such as the 8048, 
8051 or 6803 should be used. 

A/D Conversion 
Method and Timing 



Table 5. Integration Periods 



The MAX133/134 uses a "residue multiplication" tech- 
nique to perform a ±40,000 count conversion in only 
1638 clock cycles. Figures 6, 7 and 8 show typical 
integrator and buffer waveforms for a large positive, a 
large negative, and a small positive input voltage 
respectively. 

Integration Phase 

The unknown signal is integrated by connecting the 
non-inverting input of the integrator to IN LO, and the 
buffer input to In Hi. The integration period varies 
from 100 counts to 655 counts as shown in Table 5. 
The MAX133/134 is in the Zero Integration phase 
while in hold, between conversions, and before the 
start of the integration period. 



MODE 


INTEGRATION 

PERIOD 
(clock cycles) 




Voltage, 60Hz 


545 


(16.63ms) 


Voltage. 50Hz 


655 


(19.99ms) 


Voltage, 60Hz, * 5 


109 




Voltage. 50Hz, * 5 


131 




Ohms 


500 




Ohms, * 5 


100 





OutSt Code * migration Period x 100 

where V| N is the differential voltage applied to the 
A/D's internal In Hi and In LO, and V REF is the 
differential voltage applied to the A/D's internal Ref 
Hi and Ref Lo. 
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First Deintegration Phase 

The polarity of the first Deintegrate phase is deter- 
mined by polarity of the voltage on the integration 
capacitor at the end of the integration period. Figure 
9 shows the MAX133/134 A/D section. Note that no 
reference capacitor is needed, thereby improving the 
response time in ohms measurement. Also note that 
since the non-inverting input of the integrator is 
connected to Ref Hi for a positive deintegration, the 
voltage at the integrator output will have a step 
voltage change equal to the reference voltage. 
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Figure 9. AID Analog Section. 



The first deintegration phase terminates when the 
comparator detects that the integration capacitor has 
been discharged. The MAX133/134 then goes into an 
"Idle" state where both the buffer input and the non- 
inverting input of the integrator are connected to 
common. This causes the system offset to be inte- 
grated. 

Near the end of the maximum allowable deinte- 
gration period, the polarity of the voltage on the 
integration capacitor is again tested and either a 
positive or negative deintegration cycle occurs. 

Times 10 (XIO) Phase 

When zero crossing is detected at the end of a 
deintegration phase the deintegration is continued 
until the next clock cycle. This causes the integrator 
to overshoot zero crossing slightly, leaving a small 
residual voltage on the integration capacitor. Any 
comparator delay causes an additional residual 
voltage on the integration capacitor. The times 10 
phase inverts and multiplies this residual by a factor 
of 10. 



Second Deintegration Phase 

The second deintegration phase deintegrates the 
residual voltage on the integration capacitor that has 
been inverted and multiplied by 10 in the X10 phase. 
Note that, since the voltage across the integration 
capacitor has been multiplied by 10, each clock cycle 
of deintegration during the second deintegration 
corresponds to 1/10 of one clock cycle during the 
first deintegration. 

Second XIO and Third Deintegration 

The residual voltage left on the integration capacitor 
after the second deintegrate phase is multiplied by 
the second X10 phase, and this multiplied residual is 
deintegrated in the third deintegration phase. Since 
the residual voltage on the integration capacitor has 
twice been multiplied by 10, the third deintegration 
phase has 100 times finer resolution than does the 
first deintegration phase. 

Sequence Counter and Results Counter 

The sequencing or timing of the various conversion 
phases are controlled by a binary sequence counter. 
This counter counts upward continuously except 
during the hold mode. Some phases, such as the 
integration periods, are both started and stopped at 
preset counts. The deintegration phases are started 
at predetermined counts, but are terminated when 
the comparator detects zero crossing at the integrator 
output. 

The results counter accumulates counts during all 
deintegration phases It is an up/down BCD counter, 
with the count direction being determined by the 
deintegration polarity. The first deintegration phase 
causes the results counter to count by hundreds. 
Since the second deintegration phase is deintegrating 
a residual voltage that has been multiplied by 10, the 
results counter is incremented or decremented by 
tens during the second deintegration phase. The 
results counter is incremented or decremented by 
ones during the third deintegration phase. The content 
of the results counter is transferred to the results 
register at the end of each conversion. 

Application Notes 

Sleep and Hold Mode 

The Hold mode stops the internal sequence counter 
at the end of the next conversion but does not turn 
off the oscillator or any analog circuitry. The Hold 
mode can be used to speed up autoranging — see 
"Autoranging", below. Dielectric absoption in the 
integration capacitor will cause the first two or three 
readings after an extended Hold period to have a 
lower magnitude than the steady state reading. 

The Sleep mode puts the MAX133/134 into a low 
power quiescent mode by shutting off all analog 
circuitry except the DGND power supply and the 
oscillator. A typical use of the Sleep mode is to 
reduce power consumption by turning off the 
MAX133/134 if the meter is idle for a long period. A 
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typical method of detecting when the meter is no 
longer being used is to detect when the reading stays 
constant and there are no operator inputs such as 
range or mode changes for an extended period. 

Since the Sleep mode turns off all analog circuitry, 
the first conversion after coming out of the sleep 
mode is not valid. It will take several readings before 
the reading has stabilized to within 1 count. 

Input Protection tor Digital Multimeters 

Figure 2 shows a typical multimeter input circuit for 
ohms measurement. The positive temperature co- 
efficient (PTC) thermistor normally has a resistance 
of only 2kfi, but under overload conditions it limits 
the fault current since the fault current heats the 
PTC, thereby increasing its resistance several orders 
of magnitiude. Protection on the voltage ranges is 
automatic, since the "lOMfl input resistor will limit the 
input current to safe limits, even with 4000V applied. 
Current ranges must be protected with fuses or circuit 
breakers, and the current sense resistors should be 
bypassed with diodes to limit the voltage drop across 
the current sense resistors to no more than 2 diode 
drops. 

External AC-DC Converter 

Figure 10 shows a typical half wave external AC-DC 
converter. This circuit is an average-sensing, RMS- 
calibrated AC-DC converter. This means that the 
output is proportional to the average AC value rather 
than the RMS value, but that the output has been 
multiplied by the 1.11 to correct for the ratio of the 
average voltage to the RMS voltage of a sine wave. If 
desired, a true RMS to DC converter can be connected 
between Ext AC Out and Ext AC In. 



Printed Circuit Board Layout 

Since the integrator output makes common mode 
voltage steps equal to the reference voltage to perform 
a positive deintegration, any stray capacitance on the 
integration capacitor will cause errors. Stray capacitive 
loading on the Buffer output should also be minimized 
to avoid ringing on the buffer output. 

The Integrator In node is particularly sensitive to 
stray pickup of noise and 50/60Hz, therefore Cint 
should be located as near as possible to the Integrator 
In pin. 

Minimize capacitance on the node that joins the two 
Rint resistors since this capacitance sets up an RC 
time constant that rounds off the edges of the input 
to the integrator and can cause errors. If the times 2 
mode is not used, then connect a single Rinti directly 
from Buff OUT1 to the Integrator In pin. Locate the 
Rinti resistor as close as possible to the Integrator In 
pin since the Buffer Output is a low impedance point 
while the Integrator In pin is a high impedance point. 

Any resistance between the MAX133/134 1kfi pin 
and the 1kn resistor adds the effective value of the 
1kfl resistor, as does any voltage drop between the 
1kfl resistor and the In Lo pin. These resistances 
should be minimized and/or the 1kO resistor value 
should be reduced to compensate for the resistance 
of the printed circuit board connections. 

The effective resistance of any current sensing 
resistors is affected by where the voltage is sensed. 
Connect In Lo directly to one end of the current 
sensing resistor to avoid errors caused by voltage 
drops in the Common traces on the printed circuit 
board. 
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Figure 10. External AC-DC Converter. 
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Software Notes 

Autoranging 

The sequence in which the registers are loaded has 
no effect provided that all registers are loaded before 
the next end of conversion. Control bits take effect 
only when the MAX133/134 is in Hold or completes 
the current conversion. If the MAX133/134 runs 
continuously, the autoranging sequence will be as 



shown in Figure 11A. If the MAX133/134 is put into 
the hold mode during autoranging the autoranging 
time can be reduced in those cases where several 
ranges must be tried. See Figure 11 B. A simple test 
that detects most overrange readings is to check if 
the two most significant digits (Registers 3 and 4) are 
greater than ±45. A second test of the zero-corrected 
reading should also be performed to make sure that it is 
within the desired full scale range. 
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Figure 11a. Autoranging with MAX133/134 Running Continuously 
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Reduction of Conversion Noise 
by Averaging Readings 

The MAX133/134 has approximately ±1 counts of 
noise. In most cases where only 4000 counts are 
being displayed, averaging is not required since the 
noise is only 1/10 of one displayed count. In data 
acquisition systems where the full resolution is being 
used, averaging N readings will reduce the noise by a 
factor of 

Since the noise of zero-corrected readings is the 
RMS sum of the noise of both the Read Zero reading 
and the normal reading, the Read Zero offset correc- 
tion should also be averaged if optimum noise per- 
formance is desired. 

BCD to Binary Conversion 

Normally, if only a zero correction or tare correction 
is to be applied to the output of the MAX133/134, 
then the conversion result is left in the BCD format. If 
a scale factor or gain correction is to be made, the 
result is usually converted to a binary format. Any of 
the standard BCD to binary conversion algorithms 
can be used. A simple method of conversion is to 
read the MAX133/134 conversion result starting with 
the most significant digit. Put the most significant 
digit's result into a multi-byte accumulator and multi- 
ply it by 10. Then read the next digit's result and add 
it to the accumulator. Repeat the "multiply-read-add" 
sequence for all 5 digits. 

Using the MAX133/134 

in Data Acquisition Systems 

Using the Input Attenuator Inputs as a 

Multiplexer 

In many data acquisition applications the voltage range 
is limited, and the 400mV to 4000V attenuator is not 
needed. In these cases, the input switches can be 
used as a multiplexer as shown in Figure 12. 

Using Non-standard Voltage Ranges 

In many data acquisition systems the voltage to be 
measured may have a full scale range other than 
400mV, 4V, etc. For maximum resolution, the full 
scale range of the MAX133/134 should be adjusted to 
match the input signal voltage span. This can be 
done either through attenuation/amplification of the 
signal to make it match the ±400mV basic span of the 
MAX133/134, or by adjusting the MAX133/134 voltage 
span. 

Programming Table 



N/C- 
CHANNEL I - 
CHANNEL Z- 
CHANNEL 3- 
CHANNEL 4- 
CHANNEL 5 - 
CHANNEL 6- 
CHANNEL 7 - 



10M1! 

umn 
loikn 

I Ok!' 

Ikil 

CURRENT 
400mV 
EXT. AC 



sv\;\-A.\/v\ 

MAX133 
MAX134 



NOTES: 

1. Channels 5 and 6 are connected to Common via a Skfl 

resistor when they are not selected. 
2 Voltage Span is ±400mV. 



Figure 12. MAX133/134 Input Section used as a Multiplexer. 

Table 5 shows the integration periods of the various 
conversion modes. These different modes can be 
used to change the full scale span of the MAX133/134. 
If for example the reference voltage is 545mV, setting 
the 50Hz bit changes the integration time to 655 
clock cycles and the 400mV full scale range becomes 
a 545/655 x 400mV = 333mV full scale range. Acti- 
vating the +5 bit increases the full scale span by a 
factor of 5, while setting the X2 bit decreases the full 
scale span by a factor of 2 (assuming Rinti = R iNT2>- 

In all cases, the values of Rinti. Rint2. and Cint 
should be chosen so that integrator swing is at least 
2V, and integrator current is always less than 3/uA both 
during deintegrate and during integrate with a full 
scale input voltage. The common mode voltage range 
of IN Hi and In Lo is from (V" +1.5V) to (V + -1.0V). 

Unipolar Operation 

Unlike most integrating A/Ds, the MAX133/134 does 
not have extra non-linearities around zero. This allows 
the use of the full 80,000 count resolution to measure 
unipolar signals. All that is needed is a resistive offset 
network to translate the unipolar signal so that it 
becomes bipolar. An external zero circuit must be 
included so that errors in the offset resistor can be 

for Figure 13 
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measured and subtracted. Note that the zero correc- 
tion software is the same as would be used to correct 
for the internal zero error of the MAX133/134, except 
that in this case the external zero offset will be nearly 
40,000 counts. 

Ratiometric Measurements 
of Load Cell and Strain Gauges 

In many weigh scale, pressure transducer, and load 
cell applications ratiometric measurements are desired. 
If the reference voltage is referenced to the ground or 
Common pin, then simply connect the reference volt- 
age to the Ref In pin, connect the voltage to be 
measured to In Hi and In Lo and perform any of the 
voltage mode conversions. If, on the other hand, the 
reference voltage is a differential signal, use the circuit 
of Figure 13 and select the ohms measurement mode. 
Note that the non-inverting input of the integrator will 
be connected to either Ref Lo or REF Hi during 
deintegration. The integrator swing should be reduced 
if the integrator output goes within 0.5V of either V + 
or V - . In no case should either Ref Hi or Ref Lo be 
lower than (V- + 1.5V) or higher than (V + - 1.0V). 

Operation with Clock Frequencies 
Other Than 32,768Hz 

Operation with clock frequencies lower than 32kHz 
slightly improves the noise performance, while at the 
same time reducing the reading rate proportionately. 
With clock frequencies less than 10kHz, leakages 
during the X10 phase will introduce differential linearity 
errors at high temperatures. 

Clock frequencies higher than 50kHz are not recom- 
mended since the X10 period will not completely 
settle within its allotted time period, causing differential 
nonlinearity errors. Another potential problem at very 
high clock frequencies is that, although the compar- 
ator delay is a fixed time period, it increases in terms 
of clock cycles as the clock frequency increases. At 
very high clock frequencies the residue cannot be 
fully deintegrated in the allotted number of clock 
cycles after having been multiplied by 10 in the X10 



When using a clock frequency other than 32,768Hz, 
change the value of the integration capacitor Cint to 
keep integrator swing at approximately 2V. 

Converting the Times 2 Mode 
toa + 40m V Full Scale Range 

The sensitivity of the times two mode is increased by 
the factor 



In the normal DMM aplication Rinti = Rint2 and the 
X2 mode increases the sensitivity of the MAX133/134 
by a factor of 2. If the two resistors have a 9 to 1 ratio, 
the X2 bit will increase the sensitivity of the MAX133/ 
134 by a factor of 10. This can be used to get VV 
resolution on a 40mV scale. 

Disabling the Active Filter 

Since the signal source impedance in many data 
acquisition systems is very low, the value of the filter 
resistors, Rfilteri and Rfilter2. can be lowered to 
reduce the error caused by the leakage current of the 
A/D flowing through Rfilteri • If rapid settling is 
needed in a multichannel data acquisition system, 
then the filter should be disabled by leaving the pins 
Filter Resistor In and Filter Resistor Out open, and 
shorting Filter Amp Out to Filter Amp In. Do not 
leave the filter amplifier connection open circuited, 
since oscillations may occur. 
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Figure 13. Configuration for Differential Reference Input. 
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TOP VIEW 



Pin Configuration 
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Pin Names in parentheses are for MAX134 only. 



Chip Topography 
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Maxim cannot assume responsibility for use ot any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied. 
Maxim reserves the right to change the circuitry and specilications without notice at any time. 
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3V2 Digit A/D Converters with Bandgap 
Reference and Charge Pump Voltage Converter 



General Description 

The MAX138 and MAX139 are 3 1 / 2 digit A/D converters 
with onboard LCD (MAX138) and LED (MAX139) dis- 
play drivers. The MAX138 and MAX139 also contain a 
charge pump voltage inverter. The charge pump in- 
verter allows the MAX138/139 to measure both positive 
and negative input voltages while operating from a 
single power supply voltage from +2.5V to +7V. The 
operating circuits of the MAX138 and MAX139 are 
similar to those of the ICL7136 and ICL7137 respec- 
tively, except that the MAX138/139 have an internal 
oscillator, and an external charge pump capacitor is 
connected to pins 38 and 40. 

MAX140 is a low segment current version of MAX139 
intended for use with low current LED displays. 



Applications 

+5V Powered Panel Meters 
+3V Powered DMMs 
Instruments 
Portable Monitors 
Weigh Scales 
Digital Thermometers 



Features 

♦ Single Supply +2.5V to +7.0V Operation 

♦ Measures Both Positive and Negative Input 
Voltages 

♦ Charge Pump Voltage Inverter Generates a 
Negative Supply Voltage 

♦ Internal Bandgap Reference 

♦ Onboard Display Driver 

♦ Low Segment Current (MAX140) 



Ordering Information 



PART 


TEMP 


RANGE 






PACKAGE 




MAX138CPL 


0°C 


to 


+70°C 


40 


Lead 


Plastic 


DIP 




MAX138CQH 


o°c 


to 


+70°C 


44 


Lead 


Plastic 


Chip 


Carrier 


MAX138C/D 


o°c 


to 


+70°C 


Dice 








MAX138EPL 


-40°C 


to 


+85°C 


40 


Lead 


Plastic 


DIP 




MAX138EQH 


-40°C 


to 


+85°C 


44 


Lead 


Plastic 


Chip 


Carrier 


MAX139CPL 


0°C 


to 


+70°C 


40 


Lead 


Plastic 


DIP 




MAX139CQH 


0°C 


to 


+70°C 


44 


Lead 


Plastic 


Chip 


Carrier 


MAX139C/D 


0°C 


to 


+ 70°C 


Dice 








MAX139EPL 


-40°C 


to 


+85°C 


40 


Lead 


Plastic 


DIP 




MAX139EQH 


-40°C 


to 


+85°C 


44 


Lead 


Plastic 


Chip 


Carrier 


MAX140CPL 


0°C 


to 


+70°C 


40 


Lead 


Plastic 


DIP 




MAX140CQH 


0°C 


to 


+70°C 


44 


Lead 


Plastic 


Chip 


Carrier 


MAX140C/D 


o°c 


to 


+70°C 


Dice 








MAX140EPL 


-40°C 


to 


+85°C 


40 


Lead 


Plastic 


DIP 




MAX140EQH 


-40°C 


to 


+85°C 


44 


Lead 


Plastic 


Chip 


Carrier 



Typical Operating Circuit 
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Pin 21 must be GND on MAX139/140. 

See last page for Plastic Chip Carrier Pin Configuration. 
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3V2 Digit A/D Converters with Bandgap 
Reference and Charge Pump Voltage Converter 



Note 1: V" is generated on the device and is equal to V + 

but opposite in polarity. 
Note 2: Input voltages may exceed the supply voltages, 

provided the input current is limited to ±1mA. 
Note 3: Dissipation rating assumes device is mounted with 

all leads soldered to printed circuit board. 



ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage (V* to GND) 7.5V 

Supply Voltage (V* to GND) 

MAX138 +7.5V 

MAX139, MAX140 +6.0V 

Analog Input Voltage (either input) (Note 2) V* to V" 

Reference Input Voltage (either input) V* to V" 

Power Dissipation (Note 3) 

CERDIP Package 1000mW 

Plastic Package ll42mW 

Storage Temperature Range -65°C to +160°C 

Lead Temperature (Soldering, 10 sec.) +300° C 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specification is not 
implied. Exposure to absolute Maximum ratings conditions tor extended periods may affect the device reliability. 

ELECTRICAL CHARACTERISTICS (MAX138, MAX139, MAX140) 

(V* = +5V, T A = +25°C, test circuit— Figure 1) 



PARAMETERS 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Zero Input Reading 


V IN = 0.0V, Full Scale = 200mV 
T A = 25° C (Note 4) 
0° < T A < 70° C (Note 5) 


-000.0 
-000.0 


±000.0 
±000.0 


+000.0 
+000.0 


Digital 
Reading 


Ratiometric Reading 


Vin = v ref. V REF " 100mV 
T A = 25° C (Note 4) 
0° < T A < 70° C (Note 5) 


999 
998 


999/1000 
999/1000 


1000 
1001 


Digital 
Reading 


Rollover Error (Difference in 
reading for equal positive and 
negative reading near Full Scale) 


" V IN " +V IN ~ 200mV 
T A = 25° C (Note 4) 
0° <T A <70°C (Note 5) 


-1 


±0.2 
±0.2 


+1 


Counts 


Linearity (Max. deviation from best 
straight line fit) 


Full Scale = 200mV 

or full scale = 2.000V (Note 6) 


-1 


±0.2 


+1 


Counts 


Common Mode Rejection Ratio 


V CM = ±1V, v IN = OV 
Full Scale = 200mV 


50 


AfV/V 


Noise (Pk-Pk value not exceeded 
95% of time) 


v IN - ov 

Full Scale = 200mV 


15 


PV 


Input Leakage Current 


V,n = 
T A = 25° C (Note 4) 
0° < T A < 70°C 




1 

20 


10 
200 


PA 


Zero Reading Drift 


V lN = 

0° <T A <70°C (Note 4) 


0.2 




Scale Factor Temperature 
Coefficient 


V IN = 199mV 
0° < T A < 70°C 
(Ext. Ref. 0ppm/°C) (Note 4) 


1 


ppm/° C 


V* Supply Current 
(See Figure 4A) 


V,n = 
T A = 25° C 
0° < T A < 70°C 




200 


500 
800 


M 


Analog Common Voltage (with 
respect to Pos. Supply) 


25kn between Common & Pos. Supply 


2.95 


3.05 


3.15 


V 


Temp. Coeff. of Analog Common 
(with respect to Pos. Supply) 


250kO between Common & Pos. Supply 
(Note 7) 




±20 


±100 


ppm/°C 
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ELECTRICAL CHARACTERISTICS (MAX138) 

(V* = +5V, T A = +25°C; test circuit— Figure 1) 



PARAMETERS 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Pk-Pk Segment Drive Voltage 
Pk-Pk Backplane Drive Voltage 




4 


5 


6 


V 


Test Pin Voltage 


With Respect to V* 


4 


5 


6 


V 


ELECTRICAL CHARACTERISTICS (MAX139, MAX140) 

(V* = +5V, T A = +25°C; test circuit— Figure 2) 


PARAMETERS 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 




MAX139 


Except Pin 19 


5 


9 


15 


mA 


Segment Drive Current 


Pin 19 


10 


18 


30 


MAX140 


Except Pin 19 


1.5 


2.5 


4 


mA 




Pin 19 


3 


5 


8 



to 

c» 

S 

© 



Note 4: Test condition is V IN applied between pin IN HI and IN LO through a 1MO series resistor as shown in Figures 1 and 2. 

Note 5: 1 MO resistor is removed in Figures 1 and 2. 

Note 6: Guaranteed by design. 

Note 7: Sample tested to ensure compliance. 



Basic Applications 

Figures 1 and 2 show the typical operating circuit for 
the MAX138/139/140 when powered by a single 
+5V supply. 

Compatibility with ICL7106, 
ICL 7136 and ICL 7137 



The MAX138/139/140can replace the ICL7106/ICL7136 
and ICL7137 with minor circuit and component value 
changes. The ICL7106/36/37 oscillator components 
are not used, and are replaced with a 1/jF capacitor 
connected between pins 38 and 40. There must be a 
1,yF filter capacitor connected to V". The filter capa- 
citor can be connected between either V" and GND 
or V" and V + . 

System Reference Point 



conversion. Refer to the ICL7106 data sheet for a 
detailed description of the conversion phases and 
timing. 

The conversion result is 1000 * (IN HI-IN LO)/(REF 
HI-REF LO), with a maximum conversion result of 
±1999. If the input voltage is greater than full scale, 
the MAX138/139/140 will blank the lower three digits, 
and will display the leading "1" digit and, if the input 
voltage is negative, will also turn on the Minus 
segment. 



The analog block diagram of the MAX138/139 is shown 
in Figure 3. The MAX138/139 use the IN LO pin as the 
reference point for the integrator. 

The circuit configuration of the MAX138/139 results in 
a superior 120dB rejection of common mode voltages 
applied to IN HI and IN LO. The MAX138/139 config- 
uration, though, does not have good rejection of AC 
noise on the IN LO pin during de-integration. If an 
AC-DC converter is used with a MAX138/139, it should 
either be a half-wave circuit or should have adequate 
filtering to avoid inducing additional noise. 

Detailed Description 

Conversion Method 

The MAX138/139/140 use the dual-slope integration 
method of conversion, with the addition of an auto- 
zero phase to compensate for the offset of the buffer 
and integrator, and the addition of a zero integrator 
phase to ensure rapid recovery from an overrange 
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Figure 2. MAX139/MAX140 Typical Operating Circuit 



Common Pin Voltage Reference 

The COMMON voltage is derived from a bandgap 
reference, unlike earlier devices which derive the 
COMMON voltage from a zener. The bandgap refer- 
ence eliminates the excessive long term drift asso- 
ciated with low current zeners, and the MAX138/ 
139/140 can be a source of a high quality reference 
voltage without the use of external bandgap reference 
diodes. The COMMON voltage does have slightly 
more wideband noise than does a zener-derived 
COMMON voltage, but a 0.1//F or greater reference 
capacitor will reduce the bandwidth sufficiently to 
virtually eliminate the noise. 

The long term stability of the COMMON voltage is 
approximately 0.01% (100ppm or 1/5 count). 

These devices are sample tested to ensure a maximum 
temperature coefficient of 100ppm/°C. 

The COMMON voltage is buffered by an op amp 
which has an output impedance of 1 ohm and up to 
2mA output sink current, and a short circuit current 
of approximately 25mA max at 3.5V. The COMMON 
pin has a small pull-up current of 1/uA typical, and if 
desired it can be driven to a voltage more negative 
than its internally generated voltage by overpowering 
the pull-up current source. 

The COMMON voltage is trimmed to 3.05V ± 100mV. 
This is significantly more accurate than the 2.4V to 
3.2V span allowed in the ICL7106. The better voltage 
accuracy allows the trim range of the reference 
voltage to be reduced, increasing resolution and ease 
of adjustment. 

MAX139 and MAX 140 Test Voltage 

This internal test voltage is coupled to the TEST pin 
via a 500 ohm resistor. When this pin is pulled high, 
all segments are turned on. 



Oscillator 

The MAX138/139/140 oscillator circuit uses no ex- 
ternal components. It is trimmed during production to 
40kHz nominal. This results in a conversion rate of 
approximately 2.5 conversions per second. The typi- 
cal characteristics graph (Figure 4B) shows the varia- 
tion with changes in supply voltage. 

In Lo and In Hi Differential Inputs 

These A/D converters measure the differential voltage 
between IN LO and IN HI. The typical common mode 
rejection ratio (CMRR) is 120dB. 

IN HI has a guaranteed maximum input leakage 
current of only 10pA, and can be directly driven by 
high source impedances such as pH sensors and by 
the 10 Megohm input impedance attenuators normally 
used in digital multimeters. Both IN HI and IN LO 
have protection clamp diodes to V + and V". If the input 
voltage can go above V* or below V", then the input 
currents should be limited to less than 1mA to prevent 
damage to the A/D. 

The MAX138/139/140 common mode voltage range for 
IN HI and IN LO is a minimum of ±1V around COM- 
MON. Under some circumstances, IN HI and IN LO 
can range from V" + 1.5V to V + - 1.5V. See "Common 
Mode Voltage Range Considerations" section of the 
Application Notes for further information. 

Reference and C REF Pins 

As shown in the analog block diagram, Figure 3, 
REF HI and REF LO are connected to the C R ^ F pins 
during autozero and zero integrate phases via ana- 
log switches. This charges an external reference 
capacitor, which is then used as either a positive or a 
negative reference voltage as needed during the de- 
integration phase. The common mode voltage range 
(CMVR) of REF HI and REF LO is V + to V"— any 
voltage between V + and V" can be used to drive the 
REF HI and REF LO inputs. The differential voltage 
between REF HI and REF LO sets the full scale 
voltage. A full scale output of ±1999 counts occurs 
with an input voltage of +1.999 times the differential 
voltage between REF HI and REF LO. If the differential 
reference voltage is 1.0V the full scale input voltage is 
1.999V. With 100mV reference the full scale input 
voltage is 199.9mV. 

LCD Display Driver Outputs 

The MAX138 LCD display driver outputs swing from 
V + to GND at a frequency of 20 times the conversion 
rate. The output impedance is approximately 3k ohms. 
The LCD display driver outputs are non-multiplexed 
or direct drive, and drive in-phase with the backplane 
output to turn an LCD segment off and drive 180° out 
of phase with the backplane output to turn an LCD 
segment on. 

The BP or backplane output has an output impedance 
of 500O. The LCD drive waveforms are 50% duty cycle 
with matched rise and fall times to minimize the DC 
component across the LCD display. 
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Figure 3. Analog Section of MAX138, MAX139, and MAX140 



The MAX139/140 LED display driver outputs are N- 
Channel current sinks with output current vs. voltage 
characteristics as shown in the typical characteristics 
graphs. 

Component Selection 

Integrator Resistor, R INT 

The MAX138/139/140 integrator and buffer amplifiers 
have a class A output stage which can deliver up to 
4/iA with high linearity. Normally, the MAX138/139/140 
integrator resistor is chosen to set the maximum 
current to 1.1/jA by setting its value to 2 x Vp. FF /1.1//A. 
For a 1V reference the correct value is 1.8MCi. For a 
100mV reference the correct value is 180k. Since the 
absolute value of R| NT does not affect the conversion 
accuracy, the type of resistor used for R| NT is not 
critical. 

Integrator Capacitor 

The integrator capacitor is normally polypropylene, 
which has low dielectric absorption. Dielectric absorp- 
tion will cause integral linearity errors. For example, if 
polyester or Mylar is used, the measured value of 
inputs near full scale will be approximately 0.1% lower 
than expected, while the measured value of low input 
voltages will be as expected. 

Proper selection of the integrator capacitor value can 
be verified by monitoring the output swing of the 
integrator with ±full scale input voltages. In a properly 
operating circuit, ±full scale input voltages will cause 
the integrator output (INT pin) to swing to about ±2V. 
The integrator output can drive to about 0.3V from 
either supply while maintaining high linearity. 

If the value of the integrator capacitor or integrator 
resistor is too low, ±full scale inputs will cause the 
integrator to saturate as it attempts to drive above V* 



or below V". If this occurs, operation will appear 
normal for low input voltages, but the conversion 
results for higher output voltages will be less than full 
scale. 

Very low integrator swing will increase the amount of 
noise or "flicker" of the conversions. A full scale 
integrator swing of +1V is sufficient to avoid any 
significant degradation of the noise performance, and 
should be used for operation with a 2.5V supply. 

Reference Capacitor 

For most circuits a reference capacitor value of 0.1//F 
is adequate. However, a larger value is needed to 
prevent rollover error if there is significant stray capa- 
citance at the reference capacitor terminals. Minimize 
the stray capacitance on the reference capacitor 
terminals to reduce the rollover error, and if necessary, 
increase the reference capacitor value to 1.0^/F. 

The printed circuit board should be carefully cleaned 
to minimize leakage at the C REF terminals since leak- 
age will cause both gain and rollover errors. Due to 
the increased leakage of the MAX138/139/140 at 
+70° C, a I.OfiF reference capacitor is recommended 
to reduce rollover and gain errors at high temperature. 

The reference capacitor is typically a low leakage film 
capacitor. Polyester (Mylar) is acceptable in applica- 
tions where the reference voltage is constant. A low 
dielectric absorption capacitor such as polypropylene 
should be used if the reference voltage is variable, 
since any dielectric absorption will increase the set- 
tling time in response to a change in reference 
voltage. Since the reference voltage varies in circuits 
which measure resistance ratiometrically, a polypro- 
pylene reference capacitor should be used in 
ohmmeters. 
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Figure 4A. MAX138, MAX139, MAXUO 

Typical Supply Current vs. Supply Voltage 
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Figure 4B. MAX138, MAX139, MAXUO Typical 
Oscillator Frequency vs. Supply Voltage 
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The noise of the A/D is influenced by the autozero 
capacitor. For the best noise performance, and auto- 
zero capacitor value of at least 4 times the integrator 
capacitor value is recommended. For a 2V scale, a 
0.047/jF (47nF) capacitor is adequate. An autozero 
capacitor of 0.47/l/F or greater is recommended for a 
200mV full scale. All of Maxim's integrating A/D con- 
verters have a zero integrator phase which allows the 
use of high values for the autozero capacitor without 
causing hysteresis or slowing the overload recovery 
time. 

The autozero capacitor can be any low leakage film 
capacitor in most applications. A low dielectric poly- 
propylene capacitor is recommended if there are rapid 
changes in common mode voltage, or if the A/D must 
rapidly stabilize upon power up. 

Charge Pump Capacitors 

The charge pump capacitors should be 1/uF. 

Application Notes 



Figure 5. Output Current vs. Output Voltage 



Common Mode Voltage Range Considerations 

Operation with low supply voltages, or operation with 
either IN LO or IN HI near either supply calls for care- 
ful evaluation of the effect of common mode voltages. 

Since the MAX138/139/140 perform all conversion 
phases, including autozero and de-integration, using 
IN LO as the reference point, they have excellent 
normal mode rejection of approximately 120dB. 

There are three basic internal limitations on the allow- 
able common mode voltage (see Figure 3): 

1) The buffer input CMVR is (V" + 1.5V) to (V + - 1.5V). 

2) The integrator CMVR is (V + 1.5V) to (V* - 1.5V). 

3) The integrator output swing is limited to V" to V*. 

Figure 3 shows that the buffer input can be connected 
to either IN HI, (IN LO + V REF ), or (IN LO - V REF ). The 
integrator non-inverting input is always connected to 
IN LO. 

Combining both system CMVR limitations with the 
possible connections results in the limitations shown 
in Table 1. 

Low Battery Detector Circuit 

Since the voltage between Common and V + is between 
2.95V and 3.15V until the voltage between V + and V" 
falls to less than 4V, a simple low battery detector can 
be made using transistor voltage detector as shown in 
Figure 6. When Q1 is off the Low Battery segment is 
driven in phase with the backplane and is off. When 
Q1 turns on, the Low Battery LCD segment becomes 
visible. Q1 turns on when the voltage at the base of 
Q1 is one base-emitter voltage more positive than 
COMMON voltage. 
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Figure 6. Low Battery Detector and LCD Segment Drive 

Overload Display 

The least significant three digits are blanked if the 
input voltage exceeds full scale. The leading "1" is 
displayed for positive overloads, and a is dis- 
played for negative overloads. Any of the conditions 
that cause erratic readings as discussed above may 
cause overload readings. In addition, check the dif- 
ferential voltage between IN HI and IN LO and make 
sure that it is no more than twice the differential 
voltage between REF HI and REF LO. Also make sure 
that the voltage at REF HI is more positive than the 
voltage at REF LO, since incorrect reference polarity 
will always cause an overload reading. 

Gross Nonlinearity 

If the results are linear for low input voltages, but the 
displayed result stops increasing as higher input volt- 
ages are applied, then the most likely cause is satura- 
tion of the integrator output. With a full scale voltage 
applied, look at the voltage on the INT pin. It should 
not come closer than 0.3V to either supply. Increase 
the integrator capacitor value if the INT output swing 
is excessive. Alternatively, increase the oscillator fre- 
quency by changing the oscillator resistor and capa- 
citor values. 

Nonlinearities of 2 to 20 Counts 

A polyester (Mylar) integrator capacitor will result in 
about 2 or 3 counts of nonlinearity at full scale. Use 
polypropylene for best linearity. Leakages into the 
integrator capacitor, the autozero capacitor, or the 
reference capacitor will also cause linearity errors. 
Make sure that printed circuit boards are thoroughly 
cleaned after soldering. 

Gain Error and Rollover Error 

A gross gain error will result if the integrator output 



current capabilities are exceeded. Make sure that 
Rint >Vr EF /0.6M. 

Gain errors less than ten counts are generally caused 
by either too much stray capacitance on the C REF 
terminals, or by excessive printed circuit board leakage. 
Stray capacitance and leakage can be detected by 
reducing the reference capacitor by a factor of ten. If 
the error dramatically increases, then either stray 
capacitance or leakage at the reference capacitor 
terminals is the culprit. Error caused by stray capaci- 
tance tend to be a pure gain error, while errors due to 
leakage tend to be nonlinear— typically square law. 
Errors due to leakage can also be detected by cleaning 
the board, then baking to reduce moisture content. 

Missing Segments on the LCD Display 

This is very, very rarely a problem of the MAX138. 
More often it is caused open circuits in the LCD 
connector/bezel, particularly if an elastomeric con- 
nector (zebra strip) is used. Check the voltage wave- 
form at the pins of the MAX138. A signal in-phase 
with the backplane turns off an LCD segment, a 
signal 180° out of phase from the backplane turns on 
an LCD segment. 

Noisy Readings 

The most common reason for noisy readings, particu- 
larly in engineering labs, is simply that the input 
signal is noisy. The 1Mfi/10nF input filter shown in 
Figures 1 and 2 will significantly reduce high frequency 
noise, and the capacitor value can be increased to 
further attenuate 50760Hz. 

If the input signal is clean, then the next thing to 
check is integrator swing since low integrator swing 
will increase the noise. If the integrator swing must be 
reduced to less than 1V for some reason, then in- 
creasing the value of the autozero capacitor will im- 
prove the noise performance. For most circuits, the 
integrator swing should be approximately ±2V. 

A very low value for the autozero capacitor will also 
make the readings noisy. The value of the autozero 
capacitor should be at least twice the value of the 
integration capacitor, and increasing the autozero 
capacitor value to between 4 and 10 times that of the 
integrator capacitor will improve the noise perform- 
ance, particularly with low reference voltages. 

Stray coupling of noise signals, either digital/micro- 
processor noise or 50/60Hz and 100/120Hz ripple can 
also be a cause of noisy readings. The circuit area 
most likely to pick up stray signals is the autozero 
capacitor. The distance between the autozero capa- 
citor and the AZ pin should be minimized, as should 
the distance between the autozero capacitor and the 
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Table 1. Common Mode Voltage Limits 



INPUT POLARITY 


IN HI 


IN LO 


INTEGRATOR SWING 


IN HI > IN LO 


V" + 1.5V to V* - 1.5V 


V- + (1.5V + V REF ) 
to V* - 1.5V 


(IN LO - V") 


IN HI < IN LO 


V^ + 1.5V to V* - 1.5V 


V" + 1.5V to 

V* - (1.5V • V REF ) 


(V" - IN LO) 



ynyjxiyH 



§ 

i 

CD 

I 



3V2 Digit A/D Converters with Bandgap 
Reference and Charge Pump Voltage Converter 



integration resistor and capacitor. Since the BUFF and 
INT pins are the outputs of op amps, they are less 
sensitive to noise pick-up than is the AZ pin, which is 
the input of an op amp. 

The MAX138/139/140 are sensitive to AC noise at IN 
LO during the de-integrate phase. In particular, full 
wave AC-DC converters should be used only if both 
outputs of the AC-DC converter output are well 
filtered. 

The COMMON output of the MAX138/139/140, being 
derived from a bandgap reference, are noisier than the 
ICL7106 and ICL7136 Common outputs, which are 
derived from zeners. This could cause an increase in 
conversion noise, but only if the C REF is less than 

0. 1./F, and there is no bypassing at the reference 
inputs. 

Poor bypassing of the supply voltage may cause a 
couple of counts of noise in the readings, particularly 
if the power supply also powers digital logic, since 
high frequency spikes on the power supply might 
cause the comparator to falsely indicate zero crossing 
one or two clock cycles early. Ordinary 0.1//F bypass 
capacitors are adequate in most cases. Since the 
MAX138/139/140 draw very little current, a simple RC 
filter can be used to provide greater spike and ripple 
attenuation in those cases where the power supply is 
exceptionally noisy. 

Since the oscillator frequency is slightly affected by 
the supply voltage, large changes in the supply voltage 
during a conversion may cause a few counts of error. 
A typical case where the effect must be considered is 
in a battery powered circuit where the battery is also 
being used to drive high current loads such as motors 
or lamps. For extreme cases where high current loads 
momentarily change the battery voltage a volt or 
more, use a series diode and a capacitor of 10//F or 
greater. 

Application Hints 

1. See the ICL7136 and ICL7106 data sheets for a 
variety of application circuits which can also be 
used with the MAX138/139/140. 

2. In some applications it may be useful to apply a 
fixed reference voltage between IN HI and IN LO, 
and to apply the signal to REF HI and REF LO. In 
this mode of operation the displayed reading is 
inversely proportional to the input voltage. In other 
words, the displayed reading is the result of dividing 
the fixed reference voltage by the signal voltage. A 
typical application where this function is useful is 
in an RPM meter, where a voltage proportional to 
the period of a signal is divided into a fixed voltage 
to convert period into RPM (frequency). Another 
example is in a conductance meter, where the 
conversion between ohms and Siemens is per- 
formed by swapping the positions of the unknown 
and reference resistors. 

3. A serial output pulse stream can be obtained from 
the MAX138/139/140 by monitoring the voltage at 



the C REF terminals as shown in circuit of Figure 23 
in the ICL7106 data sheet. Use an AND gate to 
combine the resulting End-of-Conversion signal 
with the oscillator output from OSC3, pin 38. 

If the input signal polarity is reversed from the 
desired polarity, then use the "Minus" segment to 
drive the vertical bar of a plus sign, and perma- 
nently turn on the horizontal bar of the plus sign 
using one of the decimal point driver circuits of 
Figure 6. When the MAX138/139/140 measures a 
negative polarity, a "+" will be displayed. When the 
MAX138/139/140 measures a positive polarity, then 
a "-" will be displayed. (Normal operation of the 
MAX138/139/140 is no polarity indication for a 
positive input, and a "-" sign for a negative input.) 
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300kHz 10-Bit A/D Converter 
with Reference and Track/Hold 

General Description 



The MAX151 is a high-speed, easy-to-use, micropro- 
cessor (pP) compatible 10-bit Analog-to-Digital Con- 
verter (ADC) with Track-and-Hold (T/H). Half-flash 
technique allows a typical conversion time of 1.9//S with 
a Total Unadjusted Error (TUE) of +1LSB (Max). The 
converter has a OV to +5V analog input voltage range 
and uses ±5V supplies. 

The MAX151 internally tracks and holds the analog 
input signal, eliminating the need for an external T/H for 
up to 40kHz signals. The MAX151 also contains an 
internal 4V reference, making the part a complete low- 
cost ADC. The part has a typical power consumption of 
275mW and is available in both 0.3" DIP and Wide SO 
packages. 

The MAX151 interfaces directly to a/jP by appearing as 
a memory location or lnp_ut/Output (I/O) port. Read 
(RD) and Chip Select (CS) inputs control the three- 
state outputs. Two memory modes ensure compatibility 
with most popular /^Ps. 

Applications 



Digital Signal Processing 
High-Speed Data Acquisition 
Telecommunications 
High-Speed Servo Loops 
Audio Systems 
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10-Bit Resolution and Accuracy 

±1LSB Total Unadjusted Error 

2.5//S Max Conversion Time 
(0.5/7S Input Acquisition Time) 

300kHz Sampling Rate 

T/H to Digitize 40kHz Signals 

Internal 60ppm/°C Buried Zener Reference 

1ppm/°C A/D Gain and Offset Drift 

Internal Clock 

+5V Supplies with 275mW Power Dissipation 
24-Pin 0.3" DIP and Wide SO packages 
Slow Memory and ROM Mode /jP Interfaces 
DC and Dynamic Specified 
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High-Speed, 8-Bit ADCs with 
8/4 Simultaneous T/Hs and Reference 



General Description 

The MAX155/MAX156 are high-speed, multi-channel 8- 
bil A/D converters (ADC) with simultaneous Track-and- 
Hold (T/H) and 8 x 8 dual-port RAM. The MAX155 has 8 
analog input channels, and the MAX156 has 4 analog 
input channels. Each channel has a separate T/H that 
holds the signal for the internal A/D. The A/D converts 
each channel in 3ns and stores the result in the RAM. The 
MAX155/MAX156 also feature a 2.5V on-chip reference, 
forming a complete high-speed data acquisition system. 

These devices can be used with a single 5V supply and 
perform unipolar or bipolar conversions with single- 
ended or differential inputs. For applications where an 
extended input range or bipolar conversion about ground 
is important, an optional negative supply pin (labeled 
Vss/AGND) is provided. 

Conversions are initiated with a WR pulse, and data is 
accessed with a RD pulse. Bidirectional Input/Output 
pins can be used to update the chip's command register. 
Hard-wired modes of operation, which bypass the com- 
mand register, are also provided. 



Applications 



Digital Oscilloscope 
Vibration Analysis 
Input for DSP 

Digital-Strip Chart Recorder 

High-Speed Phase-Sensitive Data Acquisition 
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Features 
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♦ One-Chip Data Acquisition System 

♦ 8 or 4 Analog Input Channels 

♦ Single-Ended or Differential Inputs 

♦ Simultaneous T/H 

♦ 3.0)iS Conversion Time per Channel 

♦ On-Chip 8x8 Dual-Port RAM 

♦ Internal 2.5V Reference 

♦ Single +5V Supply Operation 

Pin Configurations 
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Complete High-Speed CMOS 12-Bit ADC 



General Description 

The MAX162 and MX7572 are complete 12-Bit analog- 
to-digital converters (ADC's) that combine high speed, 
low power consumption, and an on-chip voltage 
reference. The conversion times are 3/js (MAX162) 
and 5 and 12//S (MX7572). The buried zener reference 
provides low drift and low noise performance. 

External component requirements are limited to only 
decoupling capacitors for the power supply and 
reference voltages. On-chip clock circuitry is also 
included which can either be driven from an external 
source, or in stand-alone applications, can be used 
with a crystal. 

The MAX162/MX7572uses a standard microprocessor 
interface architecture. Three-state data outputs are 
controlled by Read (RD) and Chip Select (CS) inputs. 
Data access and bus release times of 90 and 75ns 
respectively ensure compatibility with most popular 
microprocessors without resorting to wait states. 

Applications 



Digital Signal Processing (DSP) 
High Accuracy Process Control 
High Speed Data Acquisition 
Electro-Mechanical Systems 



Functional Diagram 
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Features 



♦ 12-Bit Resolution and Linearity 

♦ 3/vs (MAX162), 5/js and 12/js ( MX7572) 
Conversion Times 

♦ No missing Codes 

♦ On-Chip Voltage Reference 

♦ 90ns Access Time 

♦ 215mW Max Power Consumption 

♦ 24-Lead Narrow DIP Package 



Ordering Information 



PART 


TEMP. RANGE 


PACKAGE* 


ERROR 


3/js CONVERSION TIME 


MAX162ACNG 


0°C 


13 


+70°C 


Plastic DIP 


±% 


LSB 


MAX162BCNG 


o°c 


ID 


+70° C 


Plastic DIP 


±1 


LSB 


MAX162CCNG 


o°c 


to 


+70° C 


Plastic DIP 


±1 


LSB 


MAX162ACWG 


o°c 


10 


+70° C 


Wide S O. 


±V4 


LSB 


MAX162BCWG 


o°c 


to 


+70° C 


Wide S O. 


±1 


LSB 


MAX162CCWG 


o°c 


to 


+70° C 


Wide S O 


±1 


LSB 


MAX162CC/D 


o°c 


to 


+70° C 


Dice'" 


> 1 


LSB 


MAX162AING 


-25° C 


to 


+85° C 


Plastic DIP 


±14 


LSB 


MAX162BING 


-25° C 


to 


-85- C 


Plastic DIP 


±1 


LSB 


MAX162CING 


-25° C 


to 


+85° C 


Plastic DIP 


±1 


LSB 


MAX162AMRG 


-55° C 


la 


+125° C 


CERDIP 


±'/S 


LSB 


MAX162BMRG 


-55° C 


to 


+ 125°C 


CERDIP 


±1 


LSB 


MAX162CMRG 


-55° C 


to 


+125°C 


CERDIP 


±1 


LSB 



* All devices — 24 lead packages 

" Consult factory lor dice specifications 

Ordering Information continued on last page. 



Pin Configuration 
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Complete High-Speed CMOS 12-Bit ADC 

ABSOLUTE MAXIMUM RATINGS 



V DD to DGND -0.3V to +7V 

V ss to DGND +0.3V to -17V 

AGND to DGND -0.3V, V DD + 0.3V 

AIN to AGND -15V to +15V 

Digital Input Voltage to DGND -0.3V, V DD + 0.3V 

(Pins 17, 19-21) 
Digital Output Voltage to DGND -0.3V, V DD + 0.3V 

(pins 4-11, 13-16, 18, 22) 



Operating Temperature Ranges 
MAX162XC, MX7572JN, KN, LN, 

JCWG, KCWG, LCWG 0°C to +70°C 

MAX162XI, MX7572AQ, BQ, CQ -25°C to +85°C 

MAX162XM, MX7572SQ, TQ, UQ .... -55°C to +125°C 

Storage Temperature Range -65°C to +160°C 

Power Dissipation (any Package) to +75° C 1000mW 

Derates Above +75° C by 10mW/°C 

Lead Temperature (Soldering 10 seconds) +300°C 



Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum ratings conditions for extended periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS 

(Vdd = +5V ±5%, Vss = -15V +5%; Slow Memory Mode; Ta - Tmin to Tmax unless otherwise noted. 
fCLK = 4MHz for MAX162, 2 5MHz for MX7572XX05 and 1 MHz for MX7572XX12) 



PARAMETER SYMBOL 


CONDITIONS 


MIN TYP MAX 


UNITS 


ACCURACY 


Resolution 






12 


Bits 


Integral Non-Linearity 


INL 


MAX162A, MX7572L/C/U 


T A = 25"C 


±1/2 


LSB 


MAX162AC, Al, MX7572L/C 
MAX162AM.MX7572U 
MAX162B/C. MX7572K/B/T/J/A/S 


±1/2 
±3/4 
±1 


Differential Non-Linearity 


DNL 


Guaranteed Monotonic Over Temp. 


±1 


LSB 


Offset Error (Note 1 ) 




MAX162C, 
MX7572J/A/S 


Ta = 25°C 

Ta = Tmin to Tmax 


±4 
±6 


LSB 


MAX162B, 
MX7572K/B/T 


Ta = 25°C 

Ta = Tmin to Tmax 


±3 
±5 


MAX162A, 
MX7572L/C/U 


Ta = 25*C 

Ta = Tmin to Tmax 


±3 
±4 


Full Scale Error (Note 2) 




MAX162C, 
MX7572J/A/S 


Ta = 25-C 


±15 


LSB 


MAX162B, 
MX7572K/B/T 


Ta = 25*C 


±10 


MAX162A. 
MX7572L/C/U 


Ta = 25'C 


±10 


Full Scale Tempco (Notes 3, 4) 




MAX162CMX7572J/A/S 

MAX162B/A, MX7572K/B/T, MX7572L/C/U 


±45 
±25 


ppm/'C 


ANALOG INPUT 


Input Voltage Range 




For Bipolar input see Figures 19-21 


5 


V 


Input Current 




AIN = 0V to +5V 


3.5 


mA 


INTERNAL REFERENCE 


Vref Output Voltage 




Ta = 25°C 


-5.2 -5.25 -5.3 


V 


Vref Output Tempco (Note 5) 




MAX162C.MX7572J/A/S 

MAX162B/A MX7572K/B/T, MX7572L/C/U 


40 
20 


ppm/'C 


Output Current Sink Capability 




(Note 6) 


500 


M A 
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Complete High-Speed CMOS 12-Bit ADC 



ELECTRICAL CHARACTERISTICS (Continued) 



(Vdd = +5V ±5%, Vss = -15V ±5%; Slow Memory Mode; Ta = Tmin to Tmax unless otherwise noted. 
fCLK = 4MHz for MAX162, 2.5MHz for MX7572XX05 and 1MHz for MX7572XX12) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN TYP MAX 


UNITS 


POWER SUPPLY REJECTION 


Vdd Only 




FS Change. Vss = -15V. Vdd = 4.75 to 5.25V 


±1/2 


LSB 


Vss Only 




FS Change. Vdd = 5V 

MAX162/MX7572 V S S = -14.25V to -15.75V 
MAX162 Vss = -11.4V to -12.6V 


±1/8 
±1/8 


LSB 
LSB 


LOGIC INPUTS 


Input Low Voltage 


VlL 


CS, RD, HBEN, CLKIN 


0.8 


V 


Input High Voltage 


VlH 


CS. RD, HBEN, CLKIN 


2.4 


V 


Input Capacitance (Note 7) 


ClN 


CS, RD, HBEN, CLKIN 


10 


pF 


Input Current 


llN 


CS, RD, HBEN. 
CLKIN 


VIN = to Vdd 


±10 
±20 


HA 


LOGIC OUTPUTS 


Output Low Voltage Vol 


D1 1-D0/8, BUSY. CLKOUT IsiNK = 1.6mA 




Output High Voltage 


VOH 


D1 1-D0/8, BUSY, CLKOUT ISOURCE = 200nA 


4 


V 


Floating State Leakage Current 


Ilkg 


D1 1-D0/8, Vqut = OV to Vdd 


±10 


ma 


Floating State Output 
Capacitance (Note 7) 


COUT 




15 


pF 


CONVERSION TIME 


MAX 162 


tCONV 


Synchronous 
frik-4MHz (13 clock cycles) 
- 4mhz Asynchronous 

(12 to 13 clock cycles) 


3.25 

3 3.25 


MS 


MX7572XX05 


tCONV 


Synchronous 
friK- 25MHz (12.5 clock cycles) 
- ^.smhz Asynchronous 

(12 to 13 clock cycles) 


5 

4.8 5.2 


MS 


MX7572XX12 


tCONV 


Synchronous 
friK-1MHz (12.5 clock cycles) 
rcLK- mvimz Asynchronous 

(12 to 13 clock cycles) 


12.5 

12 13 


MS 


POWER REQUIREMENTS 


Vdd 




±5% for Specified Performance 


4.75 5 5.25 


V 


Vss (Note 8) 




±5% MAX 162 
±5% MX7572 


-12or-15 
-15 


V 


IDD 




CS = RD = Vdd, AIN = 5V 


5 7 


mA 


iss 




CS = RD = Vdd. AIN = 5V 


8 12 


mA 


Power Dissipation 




Vdd = +5V, Vss = -15V 


145 215 


mW 



Note 1 : Typical change over temp is ±1 LSB 

Note 2: Vdd = +5V, Vss = -15V. FS = +5.000V, Ideal last code transition = FS -3/2LSB 

Note 3: Full Scale TC = AFS/AT, where AFS is full scale change from Ta = 25°C to Tmin or Tmax- 

Note 4: Includes internal reference drift. 

Note 5: Vref TC = AVref/AT, where AVref is reference voltage change from Ta = 25'C to Tmin or Tmax. 
Note 6: Output current should not change during conversion. 
Note 7: Guaranteed by design, not subject to test. 

Note 8: Vss = -12V ±5% for the MAX162 only. Functional operation is guaranteed by testing offset error and full scale error. 



Complete High-Speed CMOS 12-Bit ADC 

TIMING CHARACTERISTICS (Note 9) 

(V DD = +5V. V ss a -15V; T A = T MIN to T MAX unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


T A = 25° C 


MAX162C/1 
MX7572J/K/L 


MAX162M 
MX7572S/T/U 


UNITS 


MIM TVD MAY 
Mini 1 if* MM A 


MIM MAV 
mini MMA 


MIM MAV 
Mini MMA 


Lb to hu oetup I ime 


'1 




U 


u 


n 
u 


ns 


nn ^r\ di lev rioion 

hu to bUoY uelay 


'2 


U[_ - OUpr 


on ion 

yu iyu 






ns 


Data Access Time (Note 10) 


l 3 


r 1 - orinP 
- tupr 

C L = 100pF 


du au 
70 125 


I IU 

150 


ion 

IZU 

170 


ns 


RD Pulse Width 


M 




'3 


t 3 


'3 




CS to RD Hold Time 















ns 


Data Setup Time After BUSY 
Note (10) 


*6 




70 


90 


100 


ns 


Bus Relinquish Time (Note 11) 


h 




20 75 


20 85 


20 90 


ns 


HBEN to RD Setup Time 


'a 













ns 


HBEN to RD Hold Time 















ns 


Delay Between Read Operations 


'10 




200 


200 


200 


ns 



Note 9: Timing specifications are sample tested at 25°C to ensure compliance. All input control signals are specified with 

t r = t, = 5ns (10% to 90% of +5V) and timed from a voltage level of +1.6V. 
Note 10: t 3 and t 6 are measured with the load circuits of Figure 1 and defined as the time required for an output to cross 

0.8V or 2.4V. 

Note 11: t 7 is defined as the time required for the data lines to change 0.5V when loaded with the circuits of Figure 2. 
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Figure 1. Load Circuits for Access Time 
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Figure 2. Load Circuits for Output Float Delay 



Complete High-Speed CMOS 12-Bit ADC 

Pin Description 



PIN 


NAME 


FUNCTION 


1 


AIN 


Analog Input. to +5V unipolar input 


2 


Vref 


-5.25V Reference Output 


3 


AGND 


Analog Ground 


4-11 


D11-D4 


Three-State Data Outputs 


12 


DGND 


Digital Ground 


13-16 


D3/11-D0/8 


Three-State Data Outputs 


17 


CLKIN 


Clock Input. An external TTL/CMOS 
compatible clock may be applied to 
this pin or a crystal can be connected 
between CLKIN and CLKOUT. 


18 


CLKOUT 


Clock Output. An inverted CLKIN 
signal appears at this pin. 



PIN 


NAME 


FUNCTION 


19 


HBEN 


High Byte Enable Input. This pin is 
used to multiplex the internal 12-bit 
conversion result into the lower bit 
outputs (D7-D0/8). HBEN also disables 
conversion starts when HIGH. 


20 


RD 


READ Input. This active low signal 
starts a conversion when CS and 
HBEN are low. RD also enables the 
output drivers when CS is low. 


21 


CS 


The CHIP SELECT Input must be low 
for the ADC to recognize RD and 
HBEN inputs. 


22 


BUSY 


The BUSY Output is low when a 
conversion is in progress. 


23 


Vss 


Negative Supply, -15V for MX7572 and 
-15V or -12V for MAX162. 


24 




Positive Supply, +5V. 



Data Bus Output, CS & RD LOW 





Pin 4 


Pin 5 


Pin 6 


Pin 7 


Pin 8 


Pin 9 


Pin 10 


Pin 11 


Pin 13 


Pin 14 


Pin 15 


Pin 16 


MNEMONIC - 


D11 


D10 


D9 


D8 


D7 


D6 


D5 


D4 


D3/11 


D2/10 


D1/9 


DO/8 


HBEN = LOW 


DB11 


DB10 


DB9 


DB8 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


HBEN = HIGH 


DB11 


DB10 


DB9 


DB8 


LOW 


LOW 


LOW 


LOW 


DB11 


DB10 


DB9 


DB8 



Note: 

* D11 . DO/8 are the ADC data output pins. 
DB11 . . DBO are the 12-bit conversion results, DB11 is the MSB. 



Converter Operation 



-iai' »„ c t 

V«EF OUTPUT . l W 




u r OUT* BUS - 



NOTES: 

MAX162 - 4MHZ CRYSTAL/CERAMIC RESONATOR. 

MX7572XX05 - 2.5MHI CRYSTAL/CERAMIC RESONATOR. 

MX7572XX12 - I.OMHi CRYSTAL/CERAMIC RESONATOR. 

C1 AND C2 CAPACITANCE VALUES DEPEND ON CRYSTAL/CERAMIC 

RESONATOR MANUFACTURER. TYPICAL VALUES ARE FROM TO 100 t F. 



The MAX162 and MX7572 use a successive approxi- 
mation technique to convert an unknown analog input 
to a 12 bit digital output code. The control logic 
provides easy interface to most microprocessors. 
Most applications require only a few external passive 
components to perform the analog-to-digital function. 
Figure 3 shows the MAX162/MX7572 in its simplest 
operational configuration. 

Figure 4 shows the MAX162/MX7572analog equivalent 
circuit. The internal voltage output DAC is controlled 
by a successive approximation register (SAR) and 
has an output impedance of 2.5kQ. The analog input 
is connected to the DAC output with a 2.5kO. resistor. 
The comparator is essentially a zero crossing detector 
and its output is fed back to the SAR input. 

Conversion start is con trolled by the CS, RD and HBEN 
digital inputs. A conversion starts at the falling edge of 
CS and RD while HBEN is low. Once started, conversion 
cannot be stopped. The BUSY o utput goes low as soon 
as the conversion starts. BUSY may be used to control 
an external sample-arid-hold when wide bandwidth 
input signals are being measured. 



Figure 3. MAX162/ MX7572 Operational Diagram 
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Complete High-Speed CMOS 12-Bit ADC 
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Clock Operation 

Clock Oscillator 

Figure 6 shows the MAX162/MX7572 clock circuitry. 
The capacitive load on the CLKOUT pin must be 
minimized for low power dissipation and to avoid 
digital coupling of the CLKOUT buffer currents to the 
comparator. If an external clock source is being used 
to drive CLKIN, CLKOUT should be left open. The 
external clock source must have a 50% duty cycle. If 
the internal oscillator is being used, a crystal/ceramic 
resonator should be connected between CLKOUT 
and CLKIN as shown in Figure 6. 



Figure 4. MAX162/ MX7572 Analog Equivalent Circuit 

The SAR is set to half scale as soon as the CS and 
RD inputs go low. This reset is asynchronous with the 
clock input. The analog input is then compared to 
one half of the full scale voltage. About 30ns after the 
second falling edge of CLKIN (or rising edge of 
CLKOUT), the output of the comparator is latched 
into the SAR MSB bit (see Figure 5). The bit is kept if 
the analog input is greater than half scale, or dropped 
if it is smaller. The next bit (bit 11) is then set with the 
DAC output either at 1/4 scale (if the MSB was 
dropped) or 3/4 scale (if the MSB was kept). The 
conversion continues in this manner until the LSB is 
tried. Following a falling CLKIN signal, the BUSY 
output goes high and the SAR result is latched into 
the three-state output buffers. 



CLK OUT 



MAX162 

MX7572 

CLOCK 



NOTES: 

MAX162 - 4MHZ CRYSTAL/CERAMIC RESONATOR. 

MX7572XX05 - 2.5MHz CRYSTAL/CERAMIC RESONATOR. 

MX7572XX12 - 1 0MHz CRYSTAL/CERAMIC RESONATOR. 

C1 AND C2 CAPACITANCE VALUES DEPEND ON CRYSTAL/CERAMIC 

RESONATOR MANUFACTURER. TYPICAL VALUES ARE FROM TO 100pF 



Figure 6. MAX162/MX7572 Internal Clock Circuit 
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Figure 5. Operating Waveforms Using an External Clock Source for CLKIN. 
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Complete High-Speed CMOS 12-Bit ADC 



Control Input Synchronization 

In applications where the RD control input is not 
synchronized with the ADC clock, the conversion 
time can vary from 12 to 13 clock cycles. The SAR 
changes state on the falling edge of the CLKIN input 
(or rising edge on the CLKOUT pin). To ensure a 
fixed conversion time use the following guidelines for 
synchronization: 

MAX162 

For the MAX162 the RD input should go low at the 
falling edge of CLKIN. In this case the conversion 
lasts 13 clock cycles and the conversion time is 3.25//S 
when f CLK = 4MHz. If the CLKIN and RD falling edges 
are skewed, the skew must not be more than 50ns to 
ensure the 13 period conversion time (See Figure 7). 
The MSB is tried at the second clock falling edge, 
leaving two clock cycles for the external sample-and- 
hold to settle from hold transients. 



MX7572 

The MX7572 RD input can go low at the rising edge 
of CLKIN. In this case the conversion lasts 12.5 clock 
cycles and the conversion time is 5/js when f c , K = 
2.5MHz and 12.5^/s when f CLK = 1MHz. The delay from 
the falling edge of RD to the falling edge of CLKIN 
must not be less than 180ns to ensure the 12.5 clock 
cycle conversion time (See Figure 8). This leaves the 
external sample-and-hold 1.5 clock cycles to settle 
from hold transients. An additional half clock cycle of 
settling can be allowed for driving the sample-and- 
hold by having RD go low at the falling edge of 
CLKIN, similar to the MAX162. This results in a 
13 cycle conversion time (5.2/xs when f CLK = 2.5MHz, 
13//S when f CLK = 1MHz). 



I & RD 



BUSY 



CLKIN 



/ / / :u l 



X 



tCDNV - 



J 



- 50ns MAX 

— 50ns MAX 



r — r — r — t 

JB11 D8I0 OBI DBO 
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Figure 7. MAX162 RD and CLKIN For Synchronous Operation 




Figure 8. MX7572 RD and CLKIN For Synchronous Operation 
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Complete High-Speed CMOS 12-Bit ADC 



MAX162 

MX7572 



riisv ' 



CONVERSION START 
[RISING EDGE TRIGGER] 



mm HltH ENABLE THREE STATE OUTPUTS 

0,1 00/8 " 08,1 m 
Kml m " » ENABLE THREE-STATE OUTPUTS 
Dll ... 08 = DBII OBI 
07 . . . D4 = LOW 
03/11 . . . DO/6 = DBII . DB6 



•NOTE: Dll 00/8 ARE THE ADC DATA OUTPUT PINS 

DBII . 0B0 ARE THE IE-BIT CONVERSION RESULTS 



For a two byte data read, outputs D7-D0/8 are used. 
Byte selection is controlled by HBEN which multiplexes 
the data outputs. When HBEN is low, the lower 8 bits 
are presented at the data outputs. When HBEN is high, 
the upper 4 bits are presented with the leading 4 bits 
being low for D7-D0/8. 

Note that the 4 MSB's always appear at digital outputs 
D11-D8 whenever the digital drivers are enabled, re- 
gardless of the state of HBEN. 

Timing and Control 

Conversion start and data read operations are con- 
trolled by three digital inputs; HBEN, CS and RD. 
Figure 9 shows the logic equivalent for the conversion 
and data output control circuitry. A logic low is re- 
quired on all three inputs to start a conversion. Once 
a co nversi on is in progress, it cannot be re-started. 
The BUSY output is low during the entire conversion 
cycle. 



Figure 9. Logic Equivalent for RD, CS and HBEN Inputs 

Digital Interface 

Output Data Format 

The 12 output data bits can either be presented full 
parallel or in two 8 bit words. To obtain parallel output 
for 16 bit processors, HBEN should be kept low and 
the output data D11-DO will be right justified. 



There are two modes of operation as outlined in the 
timing diagrams of Figures 10-13. Slow memory mode 
is intended for processors that can be forced into a 
WAIT state for periods as long as the MAX162/MX7572 
conversion time. ROM mode is for processors that 
cannot be forced into a wait state. In both operational 
modes, a processor READ operation to the ADC 
address starts the conversion. In the ROM mode, a 
second READ operation is required to access the 
conversion result. 
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Figure 10. Slow Memory Mode, Parallel Read Timing Diagram 
Table 1. Slow Memory Mode, Parallel Read Data Bus Status 



MAX162/MX7572 Data Outputs 


D11 


D10 


D9 


D8 


D7 


D6 


D5 


D4 


D3/11 


D2/10 


D1/9 


DO/8 


Read 


DB11 


DB10 


DB9 


DBS 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 
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Figure 11. Slow Memory Mode, Two Byte Read Timing Diagram 
Table 2. Slow Memory Mode, Two Byte Read Data Bus Status 



MAX162/MX7572 Data Outputs 


D7 


D6 


D5 


D4 


D3/11 


□2/10 


D1/9 


DO/8 


First Read 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Second Read 


LOW 


LOW 


LOW 


LOW 


DB11 


DB10 


DB9 


DB8 
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Figure 12. ROM Mode, Parallel Read Timing Diagram 
Table 3. ROM Mode, Parallel Read Data Bus Status 



MAX162/MX7572 Data Outputs 


D11 


D10 


D9 


D8 


D7 


D6 


D5 


D4 


D3/11 


D2/10 


D1/9 


DO/8 


First Read (Old Data) 


DB11 


DB10 


DB9 


DB8 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Second Read 


DB11 


DB10 


DB9 


DB8 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 
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Figure 13. ROM Mode, Two Byte Read Timing Diagram 
Table 4. ROM Mode, Two Byte Read Data Bus Status 



MAX162/MX7572 Data Outputs 


D7 


D6 


D5 


D4 


D3/11 


D2/10 


D1/9 


DO/8 


First Read (Old Data) 


DB7 


DB6 


DBS 


DB4 


DB3 


DB2 


DB1 


DBO 


Second Read 


LOW 


LOW 


LOW 


LOW 


DB11 


DB10 


DB9 


DB8 


Third Read 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 



Slow Memory Mode, Parallel Read (HBEN = LOW) 

Figure 10 and Table 1 show the timing diagram and 
dat a bus status for Slow Memory Mode, Parallel Read. 
CS and RD going low starts the conversion and BUSY 
goes low indicating that the conversion is in progress. 
Data from the previous conversion appears at the 
digital outputs. At the end of the conversion, BUSY 
returns high and the output latches are updated to 
place the digital conversion result on data outputs 
D11-D0/8. 

Slow Memory Mode, Two Byte Read 

For a two byte read, only outputs D7-D0/8 are used. 
Starting the conversion and reading the 8 LSB's is 
identical to the Slow Memory Mode, Parallel Read. 
See Figure 11 and Table 2. A second READ operation 
with HBEN high places the 4 MSB's with 4 leading 
zeros on the data outputs D7-D0/8. The high byte 
read does not start another conversion since HBEN is 
high. 



ROM Mode, Parallel Read (HBEN = LOW) 

The ROM mode avoids placing the processor into a 
wait state. A conversion is started with a READ oper- 
ation and the 12-bits of data from the previous con- 
version appears at the data outputs D11-D0/8 (see 
Figure 12 and Table 3). This data may be disregarded 
if not needed. A second READ operation will access 
the results of the first operation and also start a new 
conversion. The delay between successive READ 
operations must be longer than the conversion time 
for the MAX162/MX7572. 

ROM Mode, Two Byte Read 

As in the Slow Memory Mode, only data outputs D7- 
DO/8 should be used for two byte reads. Figure 13 
and Table 4 show the operation in this mode. A 
conversion is started with a READ operation with 
HBEN low. The data outputs present the 8 LSB's from 
the previous conversion and this data can be dis- 
regarded if not required. Two more READ operations 
are needed to access the conversion result. The first 
READ must be with HBEN high, where the 4 MSB's 
with 4 leading zero's are accessed. The second READ 
is with HBEN low, which reads in the 8 LSB's and 
starts a new conversion. 
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Interface Application Hints 

Digital Bus Noise 

If the data bus connected to the ADC is active during 
a conversion, LSBs of error can be caused due to 
coupling from the data pins to the ADC comparator. 
Using the Slow Memory Mode avoids this problem by 
placing the processor in a wait state during the con- 
version. In the ROM mode, if the data bus is going to 
be active during the conversion, the bus should be 
isolated from the ADC using three-state drivers. 

ROM Mode 

Considerable digital noise is generated in the ADC 
when RD or CS go high and the output data drivers 
are disabled after a conversion is started. This noise 
will feed into the ADC comparator and cause large 
errors if it coincides with the time the SAR is latching 
a decision to keep or drop a bit. To avoid this problem, 
RD and CS should be active _for less t han one clock 
cycle. In other words, the RD and CS low pulse 
should be shorter than 250ns for the MAX162, 400ns 
for the MX7572XX05 and Uis for the MX7572XX12. If 
this cannot be done, the RD or CS signal must go 
high at a rising edge of CLKIN, since the comparator 
output is always latched at falling edges of CLKIN. 

Analog Considerations 



Application Hints 

Physical Layout 

For best system performance printed circuit boards 
should be used for the MAX162/MX7572. Wire wrap 
boards are not recommended. The layout of the board 
should ensure that digital and analog signal lines are 
kept separated from each other as much as possible. 
Care should be taken not to run analog and digital 
lines parallel to each other or digital lines underneath 
the MAX162/MX7572 package. 




Figure 14. Power Supply Grounding Practice 



Grounding 

Figure 14 shows the recommended system ground 
connections. A single point analog STAR ground 
should be established at pin 3 (AGND) of the 
MAX162/MX7572 separate from the logic ground. All 
other analog grounds and pin 12 (DGND) of the 
MAX162/MX7572 should be connected to this STAR 
ground and no other digital grounds should be con- 
nected to this STAR point. The ground return to the 
power supply from this STAR ground should be low 
impedance for noise free operation of the ADC. 

Power Supply Bypassing 

The high speed comparator in the ADC is sensitive to 
high frequency noise in the Vp D and V ss power 
supplies. These supplies should Be by-passed to the 
analog STAR ground with 0.1//F and 10/l/F by-pass 
capacitors with minimum lead length for supply noise 
rejection. If the +5V power supply is very noisy, a 
small (10-20 ohms) resistor can be connected as 
shown in Figure 14 to filter external noise. 

Internal Reference 

The MAX162/MX7572 has an internal buried zener 
reference which provides the DAC reference voltage. 
The reference voltage is -5.25V +1% and has a low 
temperature coefficient. The reference output is 
available at pin 2, and should be bypassed to analog 
ground (pin 3) with a 47/yF tantalum capacitor in 
parallel with 0.1//F capacitor to minimize noise and 
provide low impedance at high frequencies. This 
by-pass capacitor must not be less than 4.7//F. The 
internal reference output buffer can sink upto 500//A. 

Driving The Analog Input 

The input signal leads to AGND and AIN should be as 
short as possible to minimize noise pick-up. If the 
leads must be long use shielded cables to minimize 
noise pick-up. 

The input impedance at the AIN pin is typically 2.5kQ. 
The amplifier driving AIN must have low enough DC 
output impedance for low gain error. Furthermore, 
low AC output impedance is also required since the 
analog input current is modulated at the clock rate 
during a conversion (4MHz for MAX162 and 2.5 or 
1MHz for the MX7572). The output impedance of the 
driving amplifier is equal to its open loop output 
impedance divided by the loop gain at the frequency 
of interest. 

MX7572 The MX7572 maximum clock rate of 2.5MHz 
makes it possible to drive it with amplifiers like the 
OP-42, AD711 or OP-27. At 1MHz clock rate a MAX400 
or OP-07 can also be used. 

MAX162 The MAX162 with a maximum 4MHz clock 
rate might cause settling problems with the above 
amplifiers. An LF356, LF400 or LT1056 can be used to 
drive the input. Alternatively, an emitter follower buffer 
inside the feedback loop of a OP-42, AD711 or OP-27 
can be used to improve high frequency output 
impedance. 
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MAX1 62/MX7572 to Sample-and-Hold Interface 

The analog input to the ADC must be stable to within 
1/2 LSB during the entire conversion for specified 12 
bit accuracy. This limits the input signal bandwidth to 
less than 6Hz for sinusoidal inputs, even when using 
the faster MAX162. For higher bandwidth signals a 
sample-and-hold should be used. 

The BUSY output from the M AX162/M X7572 may be 
used to provide the TRACK/HOLD signal to the 
sample-and-hold amplifier. However, since the ADC's 
DA C is sw itched at approximately the same time as 
the BUSY signal goes low, the switching transients at 
the output of the sample-and-hold caused by the 
DAC switching may result in code dependent errors 
due to the aperture delay of the sample-and-hold. A 
NAND gate may be used to ensure that the sample- 
and-hold switches to the hold mode BEFORE any 
disturbances as shown in Figures 15 & 16. The NAND 
gate solution works only if the width of the RD pulse 
is wider than the RD to BUSY delay in the MAX162/ 
MX7572. If this is not the case, use a flip flop which is 
set by t he falli ng edge of RD and reset by the rising 
edge of BUSY. 



For synchronous RD and CLKIN as described above, 
the hold settling time allowed for the sample-and- 
hold is 500ns, 600ns and 1.5yus for the MAX162, 
MX7572XX05 and MX7572XX12 respectively. 

To achieve the maximum sampling rate, the MAX162/ 
MX7572data must be read within the time allowed for 
the sample-and-hold to acquire a new input voltage. 

MX7572 Figure 15 shows an AD585 sample-an d-hold 
to MX7572 interface. The MX7572RD input and BUSY 
output are used to put the AD585 in hold mode when 
a conversion is in progress. In this example the analog 
input range is +2.5V but other voltage ranges can be 
configured differently as explained later. 

The maximum sampling rate is 125kHz with a 2.5MHz 
clock and 64.5kHz with a 1MHz clock allowing for a 
3/ys sample-and-hold acquisition time. 

Although this circuit works quite well for the 1MHz 
clock rate, at the 2.5MHz clock rate a faster sample- 
and-hold amplifier such as the HA-5320 is recom- 
mended. 
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Figure 15. MX7572—AD585 Sample-and-Hold Interlace 
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Figure 16. MAX162/MX7572-HA5320 Sample-and-Hold Interlace 



MAX162 Figure 16 shows the MAX162 to HA5320 
interface. The maximum sampling rate is 210kHz with 
a 4MHz clock which allows for a 1.5/^s acquisition 
time. The HA5320 can also be replaced by a HA5330 
for higher throughput. 

Unipolar Input Operation 

Figure 17 shows the nominal input/output transfer 
function of the MAX162/MX7572 Code transitions 
occur half way between successive integer LSB 
values. The output coding is binary with 1LSB = 
1.22mV (5V/4096). 

Ollset and Full Scale Adjustment 

In applications where the offset and full scale range 
have to be adjusted for the ADC, use the circuit 
shown in Figure 18. Note that the amplifier shown 



could also have been a sample-and-hold. The offset 
should be adjusted first. Apply 1/2 LSB (0.61mV) at 
the analog input and adjust the offset of the amplifier 
until the digital output code changes between 0000 
0000 0000 and 0000 0000 0001. 

To adjust the full scale range, apply FS-3/2LSB 
(4.99817V) at the analog input and adjust R1 until 
the output code changes between 1111 1111 1110 and 
1111 1111 1111. 

Bipolar Input Operation 

Bipolar operation can be achieved in two modes: 
non-inverting and inverting. For both cases the am- 
plifier shown in the circuits can be replaced by the 
AD585 or HA5320 sample-and-hold amplifiers. 
Several different input ranges are possible by se- 
lecting the values for the scaling resistors as shown 
in Tables 5 and 6. 
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Figure 17. MAX162/MX7572 Transfer Function 
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Figure 18. Full-Scale Adjustment 



Figure 19 shows the bipolar operation in the non- 
inverting mode, where the output coding is offset 
binary. Figure 20 shows the ideal transfer function 
for this mode. 

Figure 21 shows the bipolar operation in the inverting 
mode, where the output coding is complementary 
offset binary. Figure 20 shows the ideal transfer func- 
tion for the circuit in Figure 21. 

The resistors used in bipolar applications should be 
of the same type and from the same manufacturer to 
obtain low temperature drifts. 0.1% resistors are 
recommended for applications where offset and full 
scale adjustments must be made in bipolar circuits. If 
high tolerances are used, larger value potentiometers 
must be used and this results in poor sensitivity and 
higher temperature drifts. 
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Figure 19. MAX162/MX7572 Non-inverting Bipolar Operation 

Table 5. Resistor and Potentiometer Values Required 
for Offset and Gain Adjustment of Figure 19 



V IN Range 
(Volts) 


R3* 

(kfi) 


R4* 

(kf!) 


(O) 


(O) 


1/2LSB 
(mV) 


FS/2-3/2LSBS 
(Volts) 


±2.5 


3.83 


8.25 


500 


500 


0.61 


2.49817 


±5.0 


33.2 


169 


500 


1000 


1.22 


4.99634 


±10.0 


47.5 


9.53 


500 


500 


2.44 


9.99268 



Notes: 

• R3 and R4 have a 0.1% tolerance. 
All resistors are standard EIA/MIL decade values. 
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Figure 20. Ideal Input/Output Transfer Characteristic for 
the Bipolar circuits in Figures 19 and 21. 
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Offset and Full Scale Adjustment 

Offset should always be adjusted before full scale. 
For both circuits apply +1/2LSB to the analog input 
(see tables 5 and 6) and adjust R z until the output 
code flickers between the following codes: 

For Non-inverting (Figure 19) 
For inverting (Figure 21) 



1000 0000 0000 
1000 0000 0001 

0111 1111 1111 
0111 1111 1110 



Apply FS-3/2LSB (see tables 5 and 6) to the input and 
adjust R G until the ADC output code flickers between 
the following codes: 



For Non-inverting (Figure 19) 
For inverting (Figure 21) 



1111 1111 1110 
1111 1111 1111 

0000 0000 0001 
0000 0000 0000 
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Figure 21. MAX162/MX7572 Inverting Bipolar Operation 



Table 6. Resistor and Potentiometer Values Required 
for Offset and Gain Adjustment of Figure 21 



V IN Range 
(Volts) 


R1* 

(kO) 


R2* 

(kf!) 


R3* 
(kO) 


n z 

(fi) 


(") 


1/2LSB 
(mV) 


PS/2-3/2LSBS 
(Volts) 


±2.5 


20 


20.5 


42.2 


2000 


1000 


0.61 


2.49817 


+5.0 


20 


10.2 


21 


1000 


1000 


1.22 


4.99634 


±10.0 


20 


5.11 


10.5 


500 


1000 


2.44 


9.99268 



Notes: 

* R1, R2, and R3 have a 0.1% tolerance. 
All resistors are standard EIA/MIL decade values. 
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Ordering Information (continued) 



PART 


TEMP. RANGE 


PACKAGE* 


ERROR 


5vs CONVERSION TIME 


MX7572JN05 


0°C 


to +70° C 


Plastic DIP 


+1 


LSB 


MX7572KN05 


o°c 


to +70° C 


Plastic DIP 


±1 


LSB 


MX7572LN05. 


o°c 


to +70° C 


Plastic DIP 


±'A 


LSB 


MX7572JCWG05 


o°c 


to +70° C 


Wide SO. 


±1 


LSB 


MX7572KCWG05 


o°c 


to +70° C 


Wide S.O. 


±1 


LSB 


MX7572LCWG05 


o°c 


to +70° C 


Wide SO. 


tVi 


LSB 


MX7572AQ05 


-25° C 


to +85° C 


CERDIP 


±1 


LSB 


MX7572BQ05 


-25° C 


to +85° C 


CERDIP 


±1 


LSB 


MX7572CQ05 


-25° C 


to +85° C 


CERDIP 


4 VI 


LSB 


MX7572SQ05 


-55° C 


to +125° C 


CERDIP 


±1 


LSB 


MX7572TQ05 


-55° C 


to +125°C 


CERDIP 


±1 


LSB 


MX7572UQ05 


-55° C 


to +125°C 


CERDIP 


±'/2 


LSB 


12ps CONVERSION TIME 


MX7572JN12 


0°C 


to +70° C 


Plastic DIP 


+ 1 


LSB 


MX7572KN12 


0°C 


to +70° C 


Plastic DIP 


±1 


LSB 


MX7572LN12 


0°C 


to +70° C 


Plastic DIP 


±% 


LSB 


MX7572JCWG12 


0°C 


to +70° C 


Wide S O. 


±1 


LSB 


MX7572KCWG12 


0°C 


to +70° C 


Wide S O. 


±1 


LSB 


MX7572LCWG12 


0°C 


to +70° C 


Wide S O. 


±14 


LSB 


MX7572AQ12 


-25° C 


to +85° C 


CERDIP 


±1 


LSB 


MX7572BQ12 


-25° C 


to +85° C 


CERDIP 


±1 


LSB 


MX7572CQ12 


-25° C 


to +85° C 


CERDIP 


m 


LSB 


MX7572SQ12 


-55° C 


to +125°C 


CERDIP 


+1 


LSB 


MX7572TQ12 


-55° C 


to +125°C 


CERDIP 


+1 


LSB 


MX7572UQ12 


-55° C 


to +125°C 


CERDIP 


±14 


LSB 



' All devices — 24 lead packages 



Maxim cannot assume responsibility lor use ol any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied. 
Maxim reserves the right to change the circuitry and specifications without notice al any time. 
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INTRODUCTORY 

SPECIFICATIONS BASf ON EVALUATION OF LIMITED NUMBER Of DEVICES 



General Description 

The MAX163, MAX164, and MAX167 are complete 
CMOS sampling 12-bit analog-to-digital converters 
(ADCs) that combine an on-chip track-and-hold and 
voltage reference along with high conversion speed 
and low power consumption. A conversion time of 
8.33/js includes settling time for the track-and-hold. 
An internal buried zener reference provides low drift 
with low noise. 

The three A/Ds differ only in their analog input range. 
The MAX163 accepts OV to +5V inputs, the MAX164 
accepts -5V to +5V inputs, and the MAX167's input 
range is -2.5V to +2.5V. External components are 
limited to only decoupling capacitors for the power 
supply and reference voltages. On-chip clock circuitry 
can either be driven from an external clock source or 
a crystal. 

The MAX 163/1 64/1 67 employ a standard micro- 
processor interface. Three-state data outputs can be 
configured for 8- or 12-bit data buses. Data access 
and bus release timing specs are compatible with 
most popular microprocessors without resorting to 
wait states. 



Applications 



Digital Signal Processing (DSP) 
Audio and Telecom Processing 
High Accuracy Process Control 
High Speed Data Acquisition 



Functional Diagram 
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12-Bit A/D Converters 
Track-and-Hold 

Features 



♦ 12-Bit Resolution 

♦ 8.33/US Conversion Time 

♦ Internal Analog Track-Hold 

♦ 6MHz Full Power Bandwidth 

♦ On-Chip Voltage Reference 

♦ High Input Resistance (500MO) 

♦ 100ns Data Access Time 

♦ 180mW (Max) Power Consumption 

♦ AD7572/MAX162/MAX172 Plug-In Replacement 

♦ 24 Lead Narrow DIP and SO Packages 

Ordering Information 



PART 


TEMP. RANGE 


PACKAGE* 


ERROR 


MAX167ACNG 


0° 


2 to +70° C 


Plastic DIP 


±% LSB 


MAX167BCNG 


0° 


Z to +70° C 


Plastic DIP 


±1 LSB 


MAX167CCNG 


0° 


2 to +70° C 


Plastic DIP 


±1 LSB 


MAX167ACWG 


0° 


2 to +70° C 


Wide SO 


±14 LSB 


MAX167BCWG 


0° 


2 to +70° C 


Wide SO 


±1 LSB 


MAX167CCWG 


0° 


2 to +70° C 


Wide SO 


±1 LSB 


MAX167AEWG 


-40° 


2 to +85° C 


Wide SO 


±14 LSB 


MAX167BEWG 


-40° 


2 to +85° C 


Wide SO 


±1 LSB 


MAX167CEWG 


-40° 


2 to +85° C 


Wide SO 


±1 LSB 


MAX167CC/D 


0° 


2 to +70° C 


Dice** 


±1 LSB 


MAX167AENG 


-40° 


2 to +85° C 


Plastic DIP 


±14 LSB 


* All devices— 24 


lead packages 






"Consult factory 


for dice 


specifications 






Ordering information continued on last page. 
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ABSOLUTE MAXIMUM RATINGS 



V DD to DGND -0.3 to +7V 

V ss to DGND +0.3V to -17V 

AGND to DGND -0.3V to V 0D +0.3V 

AIN to AGND -15V to +15V 

Digital Input Voltage to DGND -0.3V to V D d +0.3V 

(Pins 17, 19-21) 
Digital Output Voltage to DGND -0.3V to V DD +0.3V 

(Pins 4-11, 13-16, 18, 22) 



Operating Temperature Ranges 

MAX16XXC 0°C to +70°C 

MAX16XXE -40°C to +85°C 

MAX16XXM -55°C to +125°C 

Storage Temperature Range -65°C to +160°C 

Power Dissipation (any Package) 1000mW 

Derates Above +75° C by 10mW/°C 

Lead Temperature (Soldering 10 seconds) +300°C 



Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not 

ELECTRICAL CHARACTERISTICS 

(Vqo = +5V±5%, Vss = -114V to -15.75V, Slow Memory Mode (see text), T A ■ T M | N to T MAX , <clk = 1.6MHz unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN TYP MAX 


UNITS 


ACCURACY 


Resolution 






12 


Bits 


Integral Non-Linearity 


INL 


MAX16XB, MAX16XC 
MAX167A 


±1 
±1/2 


LSB 


Differential Non-Linearity 


DNL 


Guaranteed Monotonic Over Temperature 


±1 


LSB 


Offset Error (Note 1 ) 




MAX163 

MAX164, MAX167 


±4 

±6 


LSB 


Full Scale Error (Note 2) 




T A = 25° C, Includes Reference Error 


±10 


LSB 


Full Scale Tempco 
(Notes 3, 5) 




Excludes Internal Reference Drift 


±5 


ppm/°C 


Conversion Time 


tcONV 


Synchronous (12.5 Clock Cycles) 
(13 Clock Cycles) 


7.81 
8.13 


//s 


Clock Frequency 


'CLK 




0.1 1.6 


MHz 


DYNAMIC ACCURACY (Sample Rate = 100kHz) 


Signal to Noise plus 
Distortion Ratio 


S/(N+D) 


10kHz Input Signal, T A = 25°C 


70 


dB 


Total Harmonic Distortion 
(up to the 5th harmonic) 


THD 


10kHz Input Signal, 
T A = 25° C 


MAX167 


-80 


dB 


MAX163, MAX164 


-76 


Peak Harmonic or 
Spurious Noise 




10kHz Input Signal, 
T A = 25° C 


MAX187 


-80 


dB 


MAX163, MAX164 


-76 


Full Power 
Sampling Bandwidth 




In Track Mode, 

Under Sampled Waveform 


6 


MHz 


ANALOG INPUT 


Input Voltage Range 
(Note 4) 




MAX163 
MAX164 
MAX167 


+5 
-5 +5 
-2.5 +2.5 


V 


Input Leakage Current 






±1 


/"A 


Input Capacitance (Note 5) 






20 


pF 


Track-Hold 
Acquisition Time 






1 


us 



1-48 ykiyjxisfl 



CMOS 12-Bit A/D Converters 
With Track-and-Hold 



ELECTRICAL CHARACTERISTICS (continued) 

(Vdd = +5V±5%, V S s = -11.4V to -15.75V, Slow Memory Mode (see text), T A ■ T M in to T M ax, *clk = 1.6MHz unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN TYP MAX 


UNITS 


REFERENCE 


Vref Output Voltage 




T A = 25° C 


-4.98 -5.00 -5.02 


V 


Vref Output Tempco 
(Note 6) 




MAX16XB, MAX16XA 
MAX16XC 


25 
45 


ppm/°C 


Reference Load Sensitivity 




AFS/AIref, 

Iref Load Change: to 5mA 


0.2 1 


LSB/mA 


Output Sink Current 






5 


mA 


LOGIC INPUTS 


Input Low Voltage 


V,L 


CS, RD, HBEN, CLK IN 


0.8 


V 


Input High Voltage 


V| H 


CS, RD, HBEN, CLK IN 


2.4 


V 


Input Capacitance 
(Note 5) 


C|N 


CS, RD, HBEN, CLK IN 


10 


PF 


Input Current 


I IM 


u nu »„ w OS, RD, HBEN 
V 1N -0VtoV D D CLK|N 


10 
20 




LOGIC OUTPUTS 


Output Low Voltage 


Vol 


D11-D0/8, BUSY, CLK OUT 
'sink = 1.6mA 


0.4 


V 


Output High Voltage 


Voh 


D11-D0/8, BUSY, CLK OUT 
'source = 200/iA 


4 


V 


Three-State 
Leakage Current 


II 


D11-D0/8, Vout = OV to Vdd 


+10 


//A 


Three-State 
Output Capacitance 


Co 


(Note 5) 


15 


PF 


POWER REQUIREMENTS 




Positive Supply Voltage 


Vdd 


±5% For Specified Performance 


5 


V 


Negative Supply Voltage 


Vss 


±5% For Specified Performance 


-12 -15 


V 


Positive Supply Rejection 




FS Change, Vss = -15V or -12V 
V DD = 4.75V to 5.25V 


±1/2 


LSB 


Negative Supply Rejection 




FS Change, V D d = 5V 
Vss = -14.25V to -15.75V 
V ss = -11.4V to -12.6V 


±1/8 
±1/8 


LSB 


Positive Supply Current 


Idd 


CS = RD = Vdd, AIN = 5V 


4 6 


mA 


Negative Supply Current 


Iss 


CS = RD = Vdd, AIN = 5V 


7 10 


mA 


Power Dissipation 




Vdd = +5V, V ss = -12V 


104 150 


mW 



Note 1: Typical change over temp is ±1 LSB. 

Note 2: Ideal last code transition = FS - 3/2 LSB, adjusted for offset. 

Note 3: Full Scale Tempco = AFS/AT, where AFS is full scale change from T A = 25°C to T M | N or T M ax- 

Note 4: Vin must not exceed V D o for specified accuracy. 

Note 5: Guaranteed by design, not subject to test. 

Note 6: Vref Tempco = AVref/AT, where AVref is reference voltage change from T A = 25° C to T M in or T MA x- 
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TIMING CHARACTERISTICS (See Figures 9-12) 

(Vdd = + 5V, V S s = -12V or -15V, T A = T M in to T M ax. Note 7, specifications in bold type are 100% tested, others are guaranteed by 
design, unless otherwise noted). 



PARAMETER 


9TMDUL 

(Figures 
9-12) 


CONDITIONS 


T A = 25°C 
MIN TYP MAX 


MAX16XXC/E 
MIN MAX 


MAX16XXM 
MIN MAX 


UNITS 


CS to RD Setup Time 


ti 













ns 


RD to BUSY Delay 
(Note 8) 


t2 


LiL - oupr 


an i7n 


C.£.\J 




ns 


Data Access Time 
(Notes 8, 9) 


U 


UL - lUUpr 


cn inn 
t>U 1UU 






ns 


RD Pulse Width 


u 




100 


130 


150 


ns 


CS to RD Hold Time 


ts 













ns 


Data Setup Time After 
BUSY (Notes 8, 9) 


il 




40 80 


105 


120 


ns 


Bus Relinquish Time 
(Notes 8, 10) 


t? 




30 50 


65 


75 


ns 


HBEN to RD Setup Time 


ts 













ns 


HBEN to RD Hold Time 


u 













ns 


Delay Between 
READ Operations 


t,o 




200 


200 


200 


ns 


Delay Between 
Conversions 


til 




1 


1 


1 


US 


Aperture Delay 


tl2 


Jitter < 50ps 


25 






ns 


CLK to BUSY Delay 


tl3 




80 170 


220 


260 


ns 



Note 7: All input control signals are specified with t r = t f = 5ns (10% to 90% of +5V) and timed from a voltage level of +1.6V 
Note 8: This specification is 100% production tested. 

Note 9: t 3 and t 6 are measured with the load circuits of Figure 1 and defined as the time required for an output to cross 0.8V or 
2.4V. 

Note 10: t 7 is defined as the time required for the data lines to change 0.5V when loaded with the circuits of Figure 2. 
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A/D Converter Operation 



PIN 


NAME 


FUNCTION 


1 


AIN 


Sampling Analog Input, 
MAX163: OV to +5V Unipolar 
MAX164: +5V Bipolar 
MAX167: ±2.5V Bipolar 


2 


Vref 


-5.00V Reference Output 


3 


AGND 


Analog Ground 


4-11 


D11-D4 


I Mice OldltJ Udld wuipuia 


12 


DGND 


Digital Ground 


13-16 


D3/11-D0/8 


Three-State Data Outputs 


17 


CLK IN 


Clock Input. An external TTL compat- 
iDic ciock may uc ouriricoica, ur d 
crystal may be connected between 
CLK IN and CLK OUT. 


18 


pi k ni it 


Olnr'k Ontniit An inv/ortPri C\ H IN 
^UipUl. Mil II 1 VtJI ItJU v>Lr\ 1 IN 

signal appears at this pin. 


19 


HBEN 


Hinh Rwtp Pnahlp Inmit I IqpH tn miilti- 

r 1 1 Ml 1 l_JyLC7 LliaUIC 1 1 1 \J U I. UoCU IU 1 1 1 U 1 LI 

nloy tho internal 19-Kit r^nnuorci^n 
[JicA ii it; iiiitriiiai I c u 1 1 i^ui i vci oiui i 

result into the lower order outputs 
(D7-D0/8). HBEN also disables conver- 
sion starts when HIGH. 


20 


RD 


READ Input. This active low input 
starts a conversion when CS and 
HBEN are low. RD also enables the 
output drivers when CS is low. 


21 


CS 


The CHIP SELECT Input must be low 
for the ADC to recognize RD and 
HBEN inputs. 


22 


BUSY 


The BUSY Output is low when a con- 
version is in progress. 


23 


Vss 


Negative Supply, -15V or -12V 


24 


Vdo 


Positive Supply, +5V 



The MAX163/164/167 use successive approximation 
and input track-and-hold circuitry to convert an 
analog signal to a series of 12-bit digital output 
codes. The control logic provides easy interface to 
microprocessors so that most applications require 
only passive components to perform analog-to-digital 
conversions. No "hold" capacitor is required. Figure 
3 shows the MAX163/164/167 in their simplest 
operational configuration. 

Analog Input— Track-and-Hold 

In Figure 4, the equivalent input circuit illustrates the 
sampling architecture of the ADC's analog compara- 
tor. The comparator's input capacitance acts as the 
"hold" capacitor and must be completely charged by 
the input signal with every A/D conversion (but NOT 
every clock cycle). The capacitance is charged 
through an internal IkO protection resistor in series 
with the input. 

To an input signal, AIN appears as a capacitor switch- 
ing between analog ground and the input signal. 
Between conversions (BUSY high and RD or CS or 
HBEN high) the capacitor is connected to AIN. When 
a conversion starts, the capacitor disconnects from 
AIN, thus sampling the input, and is internally dis- 
charged. At the end of the conversion it reconnects to 
the input and charges to the input signal. The loading 
effect of AIN on the analog signal is such that a high 
speed input buffer is usually NOT needed. This is 
because the A/D disconnects from the input during 
the actual conversion. 



i 

I 

2 

N 



5V 



DBN o- 



T 



T 



DBN o- 



DGND ~ 

a. High-Z to Vqh (t3) and Vol to Vqh (te) 



3kn 



' DGND 

b. High-Z to Vol <t3> and V h to Vol (te) 



Figure 1. Load Circuits for Access Time 



5V 



3ko 



DBN o •— 

3kn> 



dp lOpF 



-= DGND 

a. Vqh to High-Z 



±: lOpF 



b. Vol to High-Z 



Figure 2. Load Circuits for Bus Relinquish Time 
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ANALOG 
INPUT °- 



-o +5V 



-5.00V _ O.l^iF 




- uY DATA BUS 



NOTES: 

XTAL = 1.5MHz CRYSTAL/CERAMIC RESONATOR 

CI AND C2 CAPACITANCE VALUES DEPEND ON CRYSTAL/CERAMIC 

RESONATOR MANUFACTURER. TYPICAL VALUES ARE FROM TO lOOpF. 



yfiyjxiyfi 

MAX163 
MAX164 
MAX167 



Figure 3. MAX163/164/167 Operational Diagram 

The track-and-hold enters_its "trackin g" mod e when 
the ADC is deselected (CS high) and BUSY is high. 
"Hold" mode starts approximately 25ns after a con- 
version is initiated. The variation in this delay from 
one conversion to the next (aperture jitter) is less 
than 50ps. Figures 9 through 12 detail the track-and- 
hold and interface timing for the various interface 
modes. The internal track-and-hold control logic is 
shown in Figure 5. 

The time required for the track-and-hold to acquire 
an input signal is a function of how quickly the input 
capacitance is charged. If the input signal's source 
impedance is high, the acquisition time lengthens and 
more time must be allowed between conversions. 
Acquisition time is calculated by: 

t acq = 1 °( R s + r in) 2u P f ( but never less than 1/js) 

Where R, N = 1kO, and R s = source impedance of the 
ADC's input signal. 



Input Bandwidth 

The A/D's input tracking circuitry has excellent large 
signal and wide bandwidth behavior. It is not slew 
limited like many other ADC track-and-holds. Remark- 
ably, the MAX163/164/167 track-and-hold's full power 
bandwith is typically 6MHz. This makes it possible to 
digitize high speed transient events and to measure 
periodic signals whose bandwidth exceeds the ADC's 
sample rate (>100kHz) by using under sampling 
techniques. It is important to note here that if under 
sampling is used to measure high frequency signals, 
special care must be taken to avoid aliasing errors. 
Without adequate input filtering, high frequency noise 
may be aliased into the measurement band. 

Input Protection 

Internal protection diodes, which clamp the analog 
input to Vqq and V REF , work with an internal series 
resistance to allow over drives of up to ±15V at AIN 
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1kO 
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Chold 
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COMPARATOR 



CpACKAGE 
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1 



CsWITCH < 
10pF 
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Figure 4. Equivalent Input Circuit 
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with no risk of damage to the A/D. However, for 
accurate conversions near full scale (MAX163 and 
MAX164 only), AIN should not exceed V Dp because 
A/D accuracy is affected while the protection diodes 
are even slightly turned on. 

Starting a Conversion 

The ADC is controlled by the CS, RD and HBEN 
inputs. The track-and-hold enters Hold Mode and_a 
conversion starts at the falling edge of CS and RD 
while HBEN is low. The BUSY output goes low as 
soon as the conversion starts. On the falling edge of 
the 13 th input clock pulse after the conversion starts, 
BUSY goes high and the conversion result is latched 
into three-state output buffers. 

Internal/External Clock 

Figure 6 shows the MAX163/164/167 clock circuitry. 
The capacitive load on the CLK OUT pin must be 
minimized to avoid digital coupling of the CLK OUT 
buffer currents to the ADC's analog comparator. If an 
external clock source drives CLK IN, then CLK OUT 
should be left open. Acceptable external clock duty 
cycles are between 20% and 80%, so a precise square 
wave is not required. If the internal oscillator is used, 
a crystal or ceramic resonator is connected between 
CLK OUT and CLK IN as shown in Figure 6. 



C2, 



i XTAL 



CLK OUT 



1MO 



MAX163 
MAX164 
MAX167 
CLOCK 



NOTES: 

XTAL = 1.5MHz CRYSTAL/CERAMIC RESONATOR 

CI AND C2 CAPACITANCE VALUES DEPEND ON CRYSTAL/CERAMIC 

RESONATOR MANUFACTURER. TYPICAL VALUES ARE FROM TO lOOpF. 



Figure 6. Internal Clock Circuit 

Internal Reference 

The MAX163/164/167 have a -5.00V buried zener refer- 
ence which biases the internal DAC. The reference 
output is available at V REF (Pin 2) and should be 
bypassed to AGND (Pin 3) with a 47//F tantalum 
capacitor in parallel with a 0.1/jF ceramic capacitor. 
This minimizes noise and maintains a low impedance 
at high frequencies. A resistor should NOT be con- 
nected between the bypass capacitors and Pin 2. The 
internal reference output buffer can sink up to 5mA. 



Digital Interface 

Clock and Control Synchronization 

For best analog performance, the MAX163/164/162 
clock should be synchronized to the RD and CS 
control inputs as shown in Figure 7, with at least 



100ns separating convert start from the nearest clock 
edge. This ensures that transitions at CLK IN and 
CLK OUT do not couple to the analog input and get 
sampled by the track-and-hold. The magnitude of this 
feedthrough is_only a few millivolts, but if CLK and 
convert start (CS and RD) are asynchronous, fre- 
quency components caused by mixing of the clock 
and convert signals may increase the apparent input 
noise. 

When the clock and convert signals are synchronized, 
small endpoint errors (offset and full scale) are the 
most that can be generated by clock feedthrough. 
Even these errors (which can be trimmed out) can be 
eliminated by ensuring that the start of a conversion 
(RD and CS falling edge) does not occur within 100ns 
of a clock transition, as in Figure 7. Nevertheless, 
even without observing this guideline, the MAX163/ 
164/167 are still compatible with either the MAX162/172 
or the MX7572 synchronization modes, with no in- 
crease in linearity error. This means that either the 
falling or rising edge of CLK IN may be near RD's 
falling edge. 

Output Data Format 

The 12 data bits can be output either in full parallel or 
as two 8-bit bytes. The data bus output format is 
shown in Table 1. To obtain parallel output for 16-bit 
processors, HBEN is permanently tied low. The output 
data, DB11-DB0, is then right justified, i.e., DB0, the 
LSB, is the right most bit in the 16-bit word. 

For a two byte read, outputs D7 through D0/8 are 
used. Byte selection is controlled by HBEN which 
multiplexes the data outputs. When HBEN is low, the 
lower 8 bits are presented at the data outputs. When 
HBEN is high, the upper 4 bits are presented at 
DB0-DB3 with the leading 4 bits low in locations 
D4-D7. Note that the 4 MSBs always appear at D11-D8 
whenever the outputs are enabled, regardless of the 
state of HBEN. 

Timing And Control 

Conversion start and data read operations are con- 
trolled by three digital inputs, HBEN, CS and RD. 
Figure 8 shows the logic equivalent for the conversion 
and data output control circuitry. A logic low is 
required on all three inputs to start a conversion and 
once the conver sion is in progress, it cannot be 
re-started. BUSY remains low during the entire con- 
version cycle. 

Two modes of operation are outlined in the timing 
diagrams of Figures 9-12. Slow Memory Mode is 
intended for processors that can be forced into a 
WAIT state during the ADC's conversion time. ROM 
Mode is for processors that cannot be forced into a 
wait state. In both modes, a processor READ opera- 
tion to the ADC address starts the conversion. In the 
ROM mode, a second READ operation accesses the 
conversion result. 
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CS & I 



BUSY 



CLK IN 



t 



tCONV - 



7 



*-l|3 



>IO0ns 



•^t..- Iff! 



OBM 
|MSB| 



□ BIO 



DBI 



DBO 



UNCERTAIN CONVERSION TIME 
FOR 30ns < l, 4 < 180ns 



* THE MAX163/164/167 IS ALSO COMPATIBLE WITH THE MAXI62/I72 
AND MX7572 SYNCHRONIZATION MOOES. SEE "DIGITAL INTERFACE" TEXT. 



Figure 7. RD and CLK IN for Synchronous Operation 
Table 1. Data Bus Output, CS & RD = LOW 





Pin 4 


Pin 5 


Pin 6 


Pin 7 


Pin 8 


Pin 9 


Pin 10 


Pin 11 


Pin 13 


Pin 14 


Pin 15 


Pin 16 


MNEMONIC* 


D11 


D10 


D9 


D8 


D7 


D6 


D5 


D4 


D3/11 


D2/10 


D1/9 


DO/8 


HBEN = LOW 


DB11 


DB10 


DB9 


DB8 


DB7 


DB6 


DB5 


DB4 


DB3 


OB2 


DB1 


DBO 


HBEN = HIGH 


DB11 


DB10 


DB9 


DB8 


LOW 


LOW 


LOW 


LOW 


DB11 


DB10 


DB9 


DB8 



Note: 



*D11 ... DO/8 are the ADC data output pins. 
DB11 ... DBO are the 12-bit conversion results, DB11 is the MSB. 



vnyJXlyn 

MAX163 
uppu MAX164 
MAX167 

CS ' 



RD 



t 



3> 




CONVERSION START 
(RISING EDGE TRIGGER) 



3> 



ACTIVE HIGH 



ENABLE THREE-STATE OUTPUTS 
Oil . . . DO/B = DB1I ... DBO 
ENABLE THREE-STATE OUTPUTS 
D11 ... 08 = DB11 . . D88 
07 ... 04 = LOW 
03/11 . . . D0/8 = 0BI1 . . DBS 



•NOTE: 011 . . . 00/8 ARE THE ADC DATA OUTPUT PINS. 

0B11 ... DBO ARE THE 12-BIT CONVERSION RESULTS. 



Figure 8. Logic Equivalent for RD, CS and HBEN Inputs 
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Slow Memory Mode, 
Parallel Read (HBEN = LOW) 

See Figure 9 and Tab le 2. T aking CS and RD low 
starts the conversion. BUSY remains low while the 
conversion is in progress. The PREVIOUS (old) result 
appears at the di gital ou tputs until the end of the 
conversion when BUSY returns high. The output 
latches are then updated with the newest result on 
D11-D0/8. 

Slow Memory Mode, Two Byte Read 

See Figure 10 and Table 3. Outputs D7-D0/8 are used 
for a two byte read. The start and read operations for 
the 8 LSBs are identical to the Slow Memory Mode, 
Parallel Read. A second read operation with HBEN 
high places the 4 MSBs, with 4 leading zeros, on data 
outputs D7-D0/8. This second read operation does 
not start another conversion since HBEN is high. 

ROM Mode, Parallel Read (HBEN = LOW) 

See Figure 11 and Table 4. ROM Mode avoids using 
processor wait states. A conversion starts with a read 
operation and the 12 data bits from the PREVIOUS 
conversion appear at D11-D0/8. The data from the 
first read in a sequence is often disregarded when 
this interface mode is used. A second read accesses 
the results of the first conversion and also starts a 
new conversion. The time between successive READs 
must be longer than the MAX163/164/167 conversion 
times. 



ROM Mode, Two Byte Read 

See Figure 12 and Table 5. As in the Slow Memory 
Mode, only D7-D0/8 are used for two byte reads. A 
conversion starts with a read operation with HBEN 
low. At this point the data outputs contain the 8 LSBs 
from the PREVIOUS conversion. Two more read 
operations are needed to access the conversion 
result. The first occurs with HBEN high, where the 4 
MSBs with 4 leading zeros are accessed. The second 
read, with HBEN low, outputs the 8 LSBs and also 
starts a new conversion. 

Application Hints 



Initialization After Power Up 

In some applications it may be desirable to remove 
power from the ADC during periods of inactivity. This 
is increasingly common in battery powered systems. 
To initialize the MAX163/164/167 at power up, perform 
a read operation with HBEN low and ignore the data 
outputs. 

Digital Bus Noise 

If the data bus connected to the ADC is active during 
a conversion, errors can be caused by coupling from 
the data pins to the ADC comparator. Using the Slow 
Memory Mode avoids this problem by placing the 
processor in a wait state during the conversion. In the 
ROM Mode, if the data bus is going to be active 
during the conversion, the bus should be isolated 
from the ADC using three-state drivers. 
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Figure 9. Slow Memory Mode, Parallel Read Timing Diagram 
Table 2. Slow Memory Mode, Parallel Read Data Bus Status 



Data Outputs 


D11 


D10 


D9 


D8 


D7 


D6 


D5 


D4 


D3/11 


D2/10 


D1/9 


DO/8 


Read 


DB11 


DB10 


DB9 


DB8 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 
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Figure 10. Slow Memory Mode, Two Byte Read Timing Diagram 
Table 3. Slow Memory Mode, Two Byte Read Data Bus Status 



Data Outputs 


D7 


D6 


D5 


D4 


D3/11 


D2/10 


D1/9 


DO/8 


First Read 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Second Read 


LOW 


LOW 


LOW 


LOW 


DB11 


DB10 


DB9 


DB8 
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Figure 11. ROM Mode, Parallel Read Timing Diagram 
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Table 4. ROM Mode, Parallel Read Data Bus Status 



Data Outputs 


D11 


D10 


D9 


D8 


D7 


D6 


D5 


D4 


D3/11 


D2/10 


D1/9 


DO/8 


First Read (Old Data) 


DB11 


DB10 


DB9 


DB8 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Second Read 


DB11 


DB10 


DB9 
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DBO 
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Figure 12. ROM Mode, Two Byte Read Timing Diagram 
Table 5. ROM Mode, Two Byte Read Data Bus Status 



Data Outputs 


D7 


D6 


D5 


D4 


D3/11 


D2/10 


D1/9 


DO/8 


First Read (Old Data) 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 


Second Read 


LOW 


LOW 


LOW 


LOW 


DB11 


DB10 


DB9 


DB8 


Third Read 


DB7 


DB6 


DB5 


DB4 


DB3 


DB2 


DB1 


DBO 



In ROM Mode, considerable digital noise is generated 
in the ADC when RD or CS go high and the output 
data drivers are disabled after a conversion is started. 
This noise can atfect the ADC comparator and cause 
large errors if it coincides with the time the SAR is 
latching a comparator decision. To avoid this problem, 
RD and CS should be active for less than one clock 
cycle. If this is not possible, RD or CS must go high 
at a rising edge of CLK IN, since the comparator 
output is always latched at falling edges of CLK IN. 



Layout, Grounding, Bypassing 

For best system performance printed circuit boards 
should be used. Wire wrap boards are not recom- 
mended. The layout of the board should ensure that 
digital and analog signal lines are kept separated 
from each other as much as possible. Care should be 
taken not to run analog and digital (especially clock) 
lines parallel to one another or digital lines under- 
neath the ADC package. 
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Figure 13 shows the recommended system ground 
connections. A single point analog STAR ground 
should be established at Pin 3 (AGND) separate from 
the logic ground. All other analog grounds and Pin 12 
(DGND) should be connected to this STAR ground 
and no other digital system grounds should be con- 
nected here. The ground return to the power supply 
from this STAR ground should be low impedance and 
as short as possible for noise-free operation. 

The high speed comparator in the ADC is sensitive to 
high frequency noise in the V DD and V ss power sup- 
plies. These supplies should be bypassed to the ana- 
log STAR ground with 0.1/jF and 10//F bypass capaci- 
tors. Capacitor leads should have minimum length for 
best supply noise rejection. If the +5V power supply is 
very noisy, a small (4.70-200) resistor can be con- 
nected as shown in Figure 13 to filter this noise. 



+15V GND 




AGND -ISV +5V DGND 

MAX163 
MAX164 MAX167 



<-5V DGND 

DIGITAL 
CIRCUITRY 



Figure 13. Power Supply Grounding Practice 

Gain and Offset Adjustment 

The plot in Figure 14 graphs the nominal unipolar 
input/output transfer function of the MAX163. Code 
transitions occur half way between successive integer 
LSB values. Output coding is natural binary with 
1 LSB = 1.22mV (5V/4096). Figure 15 shows the bipolar 
input transfer function for the MAX164/167, where 
output coding is offset binary. 

In applications where gain (full scale range) adjust- 
ment is required, the connection shown in Figure 16 
provides ±0.5%, or +20 LSBs, of adjustment range. If 
both offset and full scale range need adjustment, the 
circuit in Figure 17 is recommended. Offset should be 
adjusted before gain. For the MAX163 (OV to +5V input 
range), apply +1/2 LSB (0.61 mV) to the analog input 
and adjust R12 so the digital output code changes 
between 0000 0000 0000 and 0000 0000 0001. To 
adjust full scale, apply FS - 1-1/2 LSB (4.99817V) and 
adjust R8 until the output code changes between 1111 
1111 1110 and 1111 1111 1111. There may be slight 
interaction between adjustments. If an input gain of 
two is acceptable, the connection in Figure 17 can be 
simplified by removing R5 and R6. 
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Figure 14. MAX163 Unipolar Transfer Function 
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Figure 15. MAX164/167 Bipolar Transfer Function 

To adjust bipolar offset (MAX164 ±5V, MAX167 +2.5V), 
apply +1/2 LSB (1.22mV for MAX164, 0.61 mV for 
MAX167) to the analog input and adjust R12 for out- 
put code flicker between 1000 0000 0000 and 1000 
0000 0001. For full scale, apply FS - 1-1/2 LSB 
(+4.99634V for the MAX164, 2.49817V for the MAX167) 
to the input and adjust R8 so the output code flickers 
between 1111 1111 1110 and 1111 1111 1111. There may 
be some interaction between these adjustments. 
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Figure 16. Trim Circuit for Gain Only (±0.5%) 

Dynamic Performance 

High speed sampling capability and 100kHz through- 
put make the MAX163/164/167 ideal for wideband 
signal processing. To support these and other related 
applications, FFT (Fast Fourier Transform) test tech- 
niques are used to guarantee the A/D's dynamic 
frequency response, distortion, and noise at the rated 
throughput. Specifically, this involves applying a low 
distortion sinewave to the ADC input and recording 
the digital conversion results for a specified time. The 
data is then analyzed using an FFT algorithm which 
determines its spectral content. Conversion errors are 
then seen as spectral elements outside of the funda- 
mental input frequency. 

A-to-D converters have traditionally been evaluated 
by specifications such as Zero and Full Scale Error, 
Integral Non-linearity (INL), and Differential Non- 
linearity (DNL). Such parameters are widely accepted 
for specifying performance with DC and slowly vary- 
ing signals but are less useful in signal processing 
applications where the A/D's impact on the system 
transfer function is the main concern. The significance 
of various DC errors does not translate well to the 
dynamic case, so different tests are required. 




Ve Number of Bits 

The ratio between the RMS amplitude of the funda- 
mental input frequency to the RMS amplitude of all 
other A/D output signals is the Signal-to-Noise Ratio 
(SNR). The output band is limited to frequencies 
above DC and below one half the A/D sample (con- 
version) rate. This usually (but not always) includes 
distortion as well as noise components. For this 
reason the ratio is sometimes referred to as "Signal- 
to-Noise + Distortion". 

The theoretical minimum A/D noise is caused by 
quantization error and is a direct result of the A/D's 
resolution: SNR = (6.02N + 1.76)dB, where N is the 
number of bits of resolution. A perfect 12-bit A/D can, 
therefore, do no better than 74dB. Figure 18 shows 
the result of sampling a pure 10kHz sinusoid at a 
100kHz rate with the MAX167. An FFT plot of. the output 
shows the output level in various spectral bands. 
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Figure 18. FFT Plot for the MAX167 

By transposing the equation which converts resolu- 
tion to SNR, we can, from the measured SNR, deter- 
mine the effective resolution or the "Effective Number 
of Bits" that the A/D provides: N = (SNR - 1.76)/6.02. 
Figure 19 shows the effective number of bits as a 
function of the input frequency for the MAX167. 

Total Harmonic Distortion 

The ratio of the RMS sum of all harmonics of the input 
signal (in the frequency band above DC and below 
one half the sample rate) to the fundamental itself is 
Total Harmonic Distortion (THD). This is expressed 

as: 

THD = 20Log[\/(V 2 2 + V 3 2 + V 4 ? + V„2 + ... + V^A/J 

where V, is the fundamental RMS amplitude and V 2 
to V N are the amplitudes of the 2nd through 
Nth harmonics. 
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Figure 19. MAX167 Effective Bits vs. Input Frequency 



Peak Harmonic or Spurious Noise 

The ratio of the fundamental RMS amplitude to the 
amplitude of the next largest spectral component (in 
the frequency band above DC and below one half the 
sample rate) is referred to as the Peak Harmonic (or 
Spurious) Noise. Usually this peak occurs at some 
harmonic of the input frequency, but if the ADC is 
exceptionally linear, it may occur only at a random 
peak in the ADC's noise floor. 
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Ordering Information (continued) 



PART 


TEMP. RANGE 


PACKAGE* 


ERROR 


MAX167BENG 


-40° C 


to 


+85° C 


Plastic DIP 


±1 


LSB 


MAX167CENG 


-40° C 


to 


+85° C 


Plastic DIP 


±1 


LSB 


MAX167AMRG 


-55° C 


to 


+125° C 


CERDIP 


±Vi 


LSB 


MAX167BMRG 


-55° C 


to 


+125°C 


CERDIP 


+1 


LSB 


MAX167CMRG 


-55° C 


to 


+125°C 


CERDIP 


+1 


LSB 


MAX163BCNG 


0°C 


to 


+70° C 


Plastic DIP 


±1 


LSB 


MAX163CCNG 


0°C 


to 


+70° C 


Plastic DIP 


+1 


LSB 


MAX163BCWG 


0°C 


to 


+70° C 


Wide SO 


±1 


LSB 


MAX163CCWG 


0°C 


to 


+70° C 


Wide SO 


±1 


LSB 


MAX163BEWG 


-40° C 


to 


+85° C 


Wide SO 


±1 


LSB 


MAX163CEWG 


-40° C 


to 


+85° C 


Wide SO 


±1 


LSB 


MAX163CC/D 


0°C 


to 


+70° C 


Dice" 


±1 


LSB 


MAX163BENG 


-40° C 


to 


+85° C 


Plastic DIP 


±1 


LSB 


MAX163CENG 


-40° C 


to 


+85° C 


Plastic DIP 


±1 


LSB 


MAX163BMRG 


-55° C 


to 


+125°C 


CERDIP 


+1 


LSB 


MAX163CMRG 


-55° C 


to 


+125°C 


CERDIP 


±1 


LSB 


MAX164BCNG 


0°C 


to 


+70° C 


Plastic DIP 


±1 


LSB 


MAX164CCNG 


0°C 


to 


+70° C 


Plastic DIP 


±1 


LSB 


MAX164BCWG 


o°c 


to 


+70° C 


Wide SO 


+1 


LSB 


MAX164CCWG 


o°c 


to 


+70° C 


Wide SO 


±1 


LSB 


MAX164BEWG 


-40° C 


to 


+85° C 


Wide SO 


±1 


LSB 


MAX164CEWG 


-40° C 


to 


+85° C 


Wide SO 


±1 


LSB 


MAX164CC/D 


0°C 


to 


+70° C 


Dice" 


±1 


LSB 


MAX164BENG 


-40° C 


to 


+85° C 


Plastic DIP 


±1 


LSB 


MAX164CENG 


-40° C 


to 


+85° C 


Plastic DIP 


+1 


LSB 


MAX164BMRG 


-55° C 


to 


+125°C 


CERDIP 


+1 


LSB 


MAX164CMRG 


-55° C 


to 


+ 125°C 


CERDIP 


±1 


LSB 



* All devices — 24 lead packages 
"Consult factory for dice specifications 




0.128' 



(3.251 mm) 
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General Description 

The MAX165/MAX166 are high-speed (5ns) 
microprocessor (uP) compatible 8-bit ADCs with Track- 
and-Hold (T/H). The T/H function allows full-scale signals 
up to 50kHz (386mV/|iS slew rate) to be acquired and 
digitized accurately. Both ADCs use a successive ap- 
proximation technique to achieve their fast conversions 
and low-power dissipation. The MAX165/MAX166 
operate with a +5V supply, an internal or external + 1 23V 
reference, and accept single-ended (MAX165) or dif- 
ferential (MAX166) voltages ranging from 0V to 2VREF. 

The MAX165/MAX166 are_easily interfaced to all popular 
8-bit u.Ps through standard CS and RD control signals. These 
signal s control the start of conversions and data access. A 
BUSY signal indicates the beginning and end of conversions. 
Since all the data outputs are latched and three-state buf- 
fered, the MAX165/MAX166 can be directly tied to a uP data 
bus or system I/O port. 

The MAX165 is a plug-in replacement, with an internal 
1 .23V reference, for the AD7575. For applications that 
require a differential analog input and an internal refer- 
ence, the MAX 166 is recommended. 

Applications 

Digital Signal Processing 
High-Speed Data Acquisition 
Telecommunications 
Audio Systems 
High-Speed Servo Loops 
Low-Power Data Loggers 



Features 

♦ 5u.s Conversion Time 

♦ Built-in (T/H) Function 

♦ ±1 LSB Max Total Unadjusted Error 

♦ 50kHz Signal Bandwidth 

♦ Internal 1 .23V Bandgap Reference and Buffer 

♦ Single +5V Supply Operation 

♦ 8-Bit uP Interface 

♦ 100ns Data Access Time 

♦ 15mW Typ Power Consumption 

♦ Small Footprint Packages 

♦ Plug-In Upgrade to the AD7575 (MAX165) 



Ordering Information 



PART 


TEMP. RANGE 


PIN-PACKAGE 


ERROR 


MAX165ACPN 


O'C to +7CTC 


18 Plastic DIP 


1/2 LSB 


MAX165BCPN 


O'C to +70"C 


18 Plastic DIP 


1 LSB 


MAX165ACWN 


O'C to +70'C 


18 Wide SO 


1/2 LSB 


MAX165BCWN 


O'C to +70"C 


18 Wide SO 


1 LSB 


MAX165AEPN 


-40'C to +85'C 


18 Plastic DIP 


1/2 LSB 


MAX165BEPN 


-40*C to +85*C 


18 Plastic DIP 


1 LSB 


MAX165AEWN 


-40'C to +85'C 


18 Wide SO 


1/2 LSB 


MAX165BEWN 


-40'Cto+85'C 


18 Wide SO 


1 LSB 


MAX165AMJN 


-55'C to+125'C 


18 CERDIP 


1/2 LSB 


MAX165BMJN 


-55'C to+125'C 


18 CERDIP 


1 LSB 



Ordering Information continued on last page. 



Pin Configurations 



Top View 



csQT 

Rd[2 

refoutQT 

BUSY \j_ 
CLK [T 

(MSB)LS. 
DB6 \Z_ 
DB5 [8 
DGND [9 



MAX165 



'8; 

16] 

E 
E 

13] 



Vdd 
REFIN 
AIN 
AGND 

DBO 

(LSB) 

DB1 

DB2 

DB3 

DB4 





• W 






cs [7 




20 


Voo 


RD|T 






REFIN 


REFOUT [T 


MAXIM 


1 


AIN+ 


MODE [T 


MAX166 


1 


AIN- 


busy ry 






AGND 


CLK (¥ 




1 


DBO 
(LSB) 


DB7 ry 
(MSB) LL 






DB1 


DB6 |T 




1 


DB2 


DB5 [9 




m 


DB3 


DGND [To 




i 


DB4 



DIP/SO 



DIP/SO 



Functional Diagrams 
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Functional Diagrams continued on last page 
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ABSOLUTE MAXIMUM RATINGS 

Vdd to AGND -0.3V, +7V 

Vdd to DGND -0.3V, +7V 

AGND to DGND -0.3V, Vdd +0.3V 

Digital Input Voltage to DGND 

(MAX165 Pins 1, 2) -0.3V. Vdd +0.3V 

(MAX166 Pins 1, 2, 4) -0.3V, Vdd +0.3V 

Digital Output Voltage to DGND 

(MAX165 Pins 4, 6-8, 10-14) -0.3V, Vdd +0.3V 

(MAX166 Pins 5, 7-9, 11-15) -0.3V, Vdd +0.3V 

CLK Input Voltage (MAX165 Pin 5) to DGND . -0.3V, Vdd +0.3V 
CLK Input Voltage (MAX166 Pin 6) to DGND . -0.3V, Vdd +0.3V 



REFIN, REFOUT to AGND -0,3V, Vdd +0.3V 

MAX165 AIN to AGND -0,3V, V D D +0.3V 

MAX166 AIN+, AIN- to AGND -0.3V, Vdd +0.3V 

Power Dissipation (any package) to +75'C 450mW 

Derates Above 75'C by 6mW/°C 

Operating Temperature Range 

MAX165_C_, MAX166_C_ 0'C to +70 - C 

MAX165_E_, MAX166_E_ -40*C to +85'C 

MAX165_M_, MAX166_M_ -55"C to +125"C 

Storage Temperature Range -65*C to + 1 50'C 

Lead Temperature (Soldering, 10 sec.) +300'C 



Stresses beyond those listed under 'Absolute Maximum Ratings' may cause permanent damage to the device. These are stress ratings only, and functional 
operation ol the device at these or any other conditions beyond those indicated in the operational sections of the specification is not implied. Exposure to 
absolute maximum rating conditions lor extended periods may affect the device reliability. 



ELECTRICAL CHARACTERISTICS 

(Vdd = +5V; REFIN = +1.23V; AGND = DGND = 0V; AIN- = 0V(MAX166); fcLK = 4MHz external; 
Ta = Tmin to Tmax unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN TYP MAX 


UNITS 


ACCURACY 


Resolution 






8 


Bits 


Total Unadjusted Error 






MAX165A 
MAX165B 
MAX166A/C 
MAX166B/D 


±1 
±2 
±1 
±2 


LSB 


Relative Accuracy 






MAX165A 
MAX165B 
MAX166A/C 
MAX166B/D 


±1/2 
±1 

±1/2 
+ 1 


LSB 


No Missing Codes Resolution 






8 


Bits 


Full-Scale Error 






±1 


LSB 


Full-Scale Tempco 






±5 


ppm/'C 


Offset Error (Note 1 ) 






±1/2 


LSB 


Offset Tempco 






±5 


ppm/*C 


ANALOG INPUT 


Voltage Range 




1LSB = 2VREF/256 


2VREF 


V 


Voltage Range AIN+ (MAX166) 






AIN- VDD 


V 


Voltage Range AIN- (MAX166) 






AIN+ 


V 


DC Input Impedance 






10 


M£J 


Slew Rate, Tracking 






0.386 


V/ns 


SNR (Note 2) 




Vin = 2.46V p -p at 10kHz (Figure 13) 


45 


dB 


REFERENCE (Note 2) 


REFIN Range (Note 3) 


VREF 


±5% variation for specified performance 


1.17 1.23 1.29 


V 


REFIN Current 


Iref 




500 


uA 


REFOUT Voltage 


REFOUT 


Ta = +25°C 


1.21 1.23 125 


V 



1-62 



/H S\ X I /H 



CMOS jaP Compatible 5\is, 
8-Bit A/D Converters 

ELECTRICAL CHARACTERISTICS (continued) 

(Vdd = +5V; REFIN = +1 ,23V; AGND = DGND = OV; AIN- = OV (MAX166); fcLK = 4MHz external; 
Ta = Tmin to Tmax unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN TYP MAX 


UNITS 


REFOUT Load Regulation 




Ta= +25'C, l|_ = Oto 1.5mA 


3 


mV 


REFOUT Supply Sensitivity 




Vdd ±5% 


±1.5 


mV 


Temperature Drift 




MAX 1 65AC/AE/BC/BE 
MAX165AM/BM 
MAX166AC/AE/BC/BE 
MAX166AM/BM 


40 70 
60 100 
40 70 
60 100 


ppmfC 


External Capacitive Load 
Requirement 






4.7 




LOGIC INPUTS 


CS. RD, MODE(MAX166) 


Input Low Voltage 


VlNL 




0.8 


V 


Input High Voltage 


VlNH 




2.4 


V 


Input Current 


llN 


Vin = or Vdd 


Ta = +25"C 

Ta = Tmin to Tmax 


±1 
±10 


u.A 


Input Capacitance (Note 3) 


ClN 




10 


pF 


CLOCK 


Input Low Voltage 


VlNL 




08 


V 


Input High Voltage 


VlNH 




2.4 


V 


Input Low Current 


llNL 


Vin = OV 


MAX 16 C/E 
MAX16_M 


700 
800 


uA 


Input High Current 


llNH 


Vin = Vdd 


MAX 16 C/E 
MAX16_M 


700 
800 


uA 


LOGIC OUTPUTS 


BUSY, DBO to DB7 


Output Low Voltage 


Vol 


Isink = 1.6mA 


0.4 


V 


Output High Voltage 


Voh 


ISOURCE = 40uA 


4.0 


V 


DBO to DB7 


Floating-State Leakage Current 




vout = o to Vdd 


MAX 16 C/E 
MAX16_M 


±1 
±10 


uA 


Floating-State Output 
Capacitance (Note 3) 






10 


pF 


CONVERSION TIME (Note 4) 


With External Clock 




fCLK = 4MHz 


5 


us 


With Internal Clock 




Using recommended clock components 
RCLK = 100k£i, Cclk = 100pF, 
Ta = +25"C 


5 15 


US 


POWER REQUIREMENTS (Note 5) 


Supply Voltage 


Vdd 


±5% for specified performance 


5 


V 


Supply Current 


IDD 


MAX 16 C/E 
MAX16_M 


3 6 
3 7 


mA 


Power Dissipation 






15 


mW 


Power-Supply Rejection 




4.75V < Vdd < 5.25V 


±1/4 


LSB 



Note 1 : Offset Error is measured with respect to an ideal first code transition which occurs at 1/2LSB 

Note 2: REFOUT is not available for use in MAX1 66C/MAX1 66D. These parts must be used with an external reference. 

Note 3: Guaranteed by design, not tested. 

Note 4: Accuracy may degrade at conversion times other than those specified. 
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(0 TIMING CHARACTERISTICS (Note 6) 

(Q (Vdd = +5V; REFIN = + 1.23V; AGND = DGND = OV 

1 



PARAMETER 


SYMBOL 


CONDITIONS 


Ta = 25C 


Ta = Tmin to Tmax 


UNITS 


All 


MAX16XC/E 


MAX16XM 


MIN MAX 


MIN MAX 


MIN MAX 


CS to RD Setup Time 


tl 













ns 


RD to BUSY Propagation Time 


t2 




100 


100 


120 


ns 


Data Access Time after RD 


t3 


(Note 7) 


100 


100 


120 


ns 


RD Pulse Width 


t4 




100 


100 


120 


ns 


CStoRDHold Time 


t5 













ns 


Data Access Time after BUSY 


t6 


(Note 7) 


80 


80 


100 


ns 


Data Hold Time after RD 


t7 


(Note 8) 


10 80 


10 80 


10 100 


ns 


BUSY to CS Delay 


t8 













ns 



Note 5: Power-supply current is me asur ed when MAX165/MAX166 are inactive i.e., 
For MAX165 CS = RD = BUSY = High; 
For MAX166 CS = RD = BUSY = MODE = High. 
Note 6: Timing Specifications are sample tested at +25'C to ensure compliance. All input control signals are specified with 

t, = tr = 20ns (10% to 90% of +5V) and timed from a voltage level of 1 ,6V. 
Note 7: ta and t6 are measured with the load circuits of Figure 1 and defined as the time required for an output to cross 0.8V or 2.4V. 
Note 8: t7 is defined as the time required for the data lines to change 0.5V when loaded with the circuits of Figure 2. 
Specifications subject to change without notice. 

Detailed Description 

Converter Operation 

The MAX165/MAX166 use the successive approximation 
technique to convert an unknown analog input voltage to 
an 8-bit digital output code (see Functional Diagrams). 
The MAX165/MAX166 sample the input voltage on an 
internal capacitor once at the beginning of the conver- 
sion, (see Track-and-Hold/Analog Input section). The 
DAC is initially set to half scale, and the comparator 
determines whether the input signal is larger than or 
smaller than half scale. If the input is larger than half 
scale, the DAC Most Significant Bit (MSB) is kept. But if 
it is smaller, the MSB is dropped. At the end of each 
comparison phase, the Successive Approximation 
Register (SAR) stores the results of the previous 
decisions and determines the next trial bit. This informa- 
tion is then loaded into the DAC after each decision. As 
the conversion proceeds, the analog input is ap- 
proximated more closely by comparing it to the combina- 
tion of the previous DAC bits and a new DAC trial bit. 
After 8 comparison cycles, the 8 bits stored in the SAR 
are latched into the o utput latches. At the end of the 
conversion, the BUSY signal goes high, and the data in 
the output latches is ready for microprocessor access. 
Furthermore, the DAC is reset to half scale in preparation 
for the next conversion. 
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Figure 1. Load Circuits for Data Access Time Test 
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Figure 2. Load Circuits for Data Hold Time Test 



\iP Interface 

The CS and RD logic inputs are used to initiate conver- 
sions and to access data from the devices. The MAX 1 65/ 
MAX 166 have two common interface modes that will be 



1-64 



CMOS \xP Compatible 5\is, 
8-Bit AID Converters 

Pin Description 



MAX165 
PIN# 


MAX166 
PIN# 


NAME 


FUNCTION 


1 


1 


CS 


CHIP SELECT input. CS must 
be low for the device to be 
selected, or to recognize the 
RD input. 


2 


2 


RD 


READ input. RD must be low 
to access data. RD is also 
used to start conversions. 
See the Digital Interface Sec- 
tion. 


3 


3 


REFOUT 


Output of the internal 1 23V 
bandgap reference. 


N/A 


4 


MODE 


MODE(MAX166). Mode = 
LOW puts the ADC into its 
Asynchronous Conversion 
Mode. MODE has to be tied 
HIGH for the Synchronous 
Conversion Mode and the 
ROM Interface Mode. 


4 


5 


BUSY 


BUSY output. BUSY going 
low indicates the start of a 
conversion. BUSY going high 
indicates the end of a conver- 
sion. 


5 


6 


CLK 


External clock input/Internal 
oscillator pin for frequency 
setting RC components. 


6 


7 


DB7 


Three-state data output, bit 7 
(MSB) 



referred to as the Slow Memory Interface mode and the 
ROM Interface mode. In addition, the MAX166 has an 
Asynchronous Conversion mode (MODE Pin = low) 
where continuous conversions are performed. In the Slow 
Memory Interface mode, CS and RD are taken low to start 
a conversion and remain low until the end of the conver- 
sion, at which time data is updated. This mode is 
designed for processors that can be forced into a wait 
state. In the ROM Interface mode, however, the proces- 
sor is not forced into a wait state. A conversion is started 
by taking CS and RD low, and data from the previous 
conversion is read. At the end of the most recent conver- 
sion, the processor executes a READ instruction and 
starts another conversion. 

Slow Memory Mode 

Figure 3 shows the timing diagram for the Slow Memory 
Interface mode. This is used with liPs that have a wait 
state capability of at least 5u.s (such as the 8085A), where 
a READ instruction is extended to accommodate slow 
memory devices. A conversion is started by executing a 
memo ry READ to the device (taking CS and RD low) The 
BUSY signal (which is connected to the processor 



MAX 165 
PIN# 


MAX166 
PIN# 


NAME 


FUNCTION 


7 


8 


DB6 


Three-state data output, bit 6 


8 


9 


DB5 


Three-state data output, bit 5 


9 


10 


DGND 


Digital Ground 


10 


■| -j 


DB4 


I I HcfcJ blalc, (Jala UUljJUL. Ult H 


11 


12 


DB3 


Three-state, data output, bit 3 


12 


13 


DB2 


Three-state, data output, bit 2 


13 


14 


DB1 


Thrpp-c;tatp rlsta ni ilni it hit 1 


14 


15 


DBO 


Three-state, data output. 

hit n (\ 

Ul I u \ uoDy 


15 


16 


AGND 


Analog Ground 


16 


N/A 


AIN 


AIN (MAX165). Analog input 
(Single-Ended with respect 
to AGND) 0V to 2Vref input 
range. 


N/A 


17 


AIN- 


AIN-(MAX166). Negative 
analog input (differential). 


N/A 


18 


AIN+ 


AIN+ (MAX166). Positive 
analog input (differential). 


17 


19 


REFIN 


Reference input. + 1 .23V 
nominal. 


18 


20 


VDD 


Power supply voltage. +5V 
nominal 



READY input) then goes low and forces the processor 
into a wait state. The Track-and-Hold, which had been 
tracking the analog input signal, holds the signal on the 
third falling clock edge aft er RD g oes low (Figure 12). At 
the end of the conversion, BUSY returns high, the output 
latches and buffers are updated with the new conversion 
results, and the processor completes the memory READ 
by acquiring this new data. 

The fast conversion time of the MAX1 65/MAX1 66 ensures 
that the processor is not forced into a wait state for an 




Figure 3. Slow Memory Interface Timing Diagram (MAX165/ 
MAX166) 
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excessive amount of time. Faster versions of many 
processors, including the 8085A-2, test the status of the 
READY input right after the start of an instruction cycle. 
Therefore, if the MAX165/MAX166 are to b e effe ctive in 
placing the processor in a wait state, its BUSY output 
should go low very early in the cycle. When using the 
8085A-2, the earliest possible indication of an upcoming 
READ operation is provided by the SO status signal. Thus, 
SO which is low for a READ cycle should be connected 
to the RD input of the MAX165/MAX166. Figure 4 shows 
the connection diagram for the 8085A-2 to the 
MAX165/MAX166 in the Slow Memory Interface mode. 

ROM Interface Mode 

Figure 5 shows the timing diagram for the ROM Interface 
mode. In this mode, the processor does not need to be 
placed in a wait state. A conversion is started with a 
READ instructi on (RD and CS go low), and old data is 
accessed. The BUSY signal then goes low to indicate the 
start of a conversion. As before, the T/H acquires the 
signal on the third falling cl ock ed ge after RD goes low. 
At the end of conversion (BUSY going high), another 
READ instruction always accesses the new data and 
normally starts a second conversion. Howev er, if R D and 
CS go low within one external clock period of BUSY going 
high, the second conversion is not started. Furthermore, 



for correct op eration in this mode, RD and CS should not 
go low before BUSY returns high. 

Figures 6 and 7 show the connection diagrams for inter- 
facing the MAX165/MAX166 in the ROM Interface mode. 
Figure 6 shows the connection diagram to the 6502/6809 
|iPs, and Figure 7 shows the interfacing to the Z-80. 

Due to their fast interface timing, the MAX165/MAX166 
will interface to the TMS32010 running at up to 18MHz. 
Figure 8 shows the connection diagram to the TMS320 1 0. 
In this interface the MAX165/MAX166 are mapped as a 
port address. A conversion is initiated by using an IN A 
and a PA instruction, and the conversion result is placed 
in the TMS32010 accumulator. 

Asynchronous Conversion 
Mode (MAX166) 

Tying the MODE pin low places__the MAX166 into a 
continuous conversion mode. The RD and CS inputs-are 
only used for reading data from the converter. Figure 9 
shows the timing diagram for this mode of operation, and 
Figure 1 shows the connection diagram of the converter 
to the 8085A. In this mode, the MAX166 appears like a 
ROM to the mP, in that data can be accessed inde- 
pendently of the clock. The output latches are normally 
updated on the rising ed of BUSY. But, if CS and RD 
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Figure 4. MAX165/MAX166 to 8085A-2 Slow Memory Interface 
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Figure 6. MAX165/MAX166 to 6502/6809 ROM Interface 
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Figure 7. MAX165/MAX166 to Z-80 ROM Interface 
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are low when BUSY goes high, the data latches are not 
updated until either one of these inputs returns high. 
Additionally, the MAX166 stops converting and BUSY 
stays high until RD or CS goes high. This mode of 
operation allows a simple interface to the liP. 

\iP Interface For 
Signal Acquisition 

In many applications, it is necessary to sample the input 
signal at exactly equal intervals to minimize errors due to 
sampling uncertainty or jitter. In order to achieve this 
objective with the previously discussed interfaces, the 
user must match software delays or count the number of 
elapsed clock cycles. This becomes difficult in interrupt 
driven systems where the uncertainty in interrupt servic- 
ing delays is another complicating factor. 

The solution is to use a real time clock to control the start 
of a conversion. This should be synchronous with the 
clock input to the ADC (both should be derived from the 
same source) because the sampling instants occur three 
clock cycles after CS and RD go low. Therefore, the 
sampling instants occur at exactly equal intervals if the 
conversions are started at equal intervals. In this 
scheme, the output data is fed into a FIFO latch, which 
allows the processor to access data at its own rate. This 
guarantees that data is not read from the ADC in the 
middle of a conversion. If data is read from the ADC 
during a conversion, the conversion in progress may be 
disturbed, but the accessed data which belonged to the 
previous conversion will be correct. 

The T/H starts hol ding the jnp_ut on the third falling edge 
of the clock after CS and RD go low. If CS and RD go 
low within 20ns of a falling clock edge, the ADC may or 
may not consider this falling edge as the first of the three 
ed ges that determine the sampling instant. Therefore, 
the CS and RD should not be allowed to go low within this 
period when sampling accuracy is required. 



Track-and-Hold (T/H) 

The T/H consists of a sampling capacitor and a switch to 
capture the input signal. The simplified diagram of this 
block is shown in Figure 11. At the beginning of the 
conversion, switch S1 is closed, and the input signal is 
tracked. The input signal is held (switch S1 opens) on the 
third falling edge of clock after CS and RD go low (Figure 
1 2) . This allows a minimum of two clock cycles for the input 
capacitor to be charged to the input voltage through the 
switch resistance. The time that is required for the hold 
capacitor to settle to ±1/4LSB is typically 7ns. Therefore, 
the input signal is allowed ample time to settle before it is 
acquired by the T/H. When a conversion ends, switch S1 
closes, and the input signal is tracked. 



PAO 



MEN 

TMS32010 



370 
DO 



ADDRESS BUS 

=2_EI 



ADDRESS 
EN DECODE 



M0DE(MAX166) 

CS 



MAX165- 
RD MAX166 



DATA BUS 



• LINEAR CIRCUITRY OMITTED FOR CLARITY 
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The T/H is capable of acquiring signals with slew rates of 
up to 386mV/ns (or equivalent^ a 50kHz sine wave with 
2.46V peak-to-peak amplitude). Figure 13 shows the 
Signal-to-Noise Ratio (SNR) versus input frequency for 
the ADC. The SNR plot is generated at a sampling rate 
of 200kHz using sinusoidal inputs with a peak-to-peak 
amplitude of 2.46V. The reconstructed sine wave is 
passed through a 50kHz 8th order Chebychev filter. The 
improvement in SNR at high frequencies is due to the filter 
cutoff. 

The switching nature of the analog input results in tran- 
sient currents that charge the input capacitance of the 
T/H. Care should be taken to keep the driving source 
impedance low (below 2kQ) so that the settling charac- 
teristics of the T/H are not degraded. A low driving 
impedance also minimizes undesirable noise pick up and 
reduces DC errors that are caused by transient currents 
at the analog input. As with any ADC, it is important to 
keep external sources of noise to a minimum during a 
conversion. Therefore, it is advisable to keep the data 
bus as quiet as possible during a conversion, especially 
when the T/H is making a transition to the Hold mode. 

For conversion times that are significantly longer than 
5|is, the accuracy of the device may degrade slightly, as 
shown in Figure 14. This degradation is due to the 
charge that is lost from the hold capacacitor in 
the presence of small on-chip leakage currents. 

Differential Input (MAX 166) 



The MAX166 converts differential inputs [(AIN+) - (AIN-)] 
in the range of 0V to 2VREF. This can be especially useful 
in single-supply applications where the output swing 
requirements on the input amplifier are reduced. For 
example, if the AIN- pin is tied to the reference output of 
the MAX166, then the voltage swing on AIN+ is required 
to fall in the range of 1.23V to 3.69V. Furthermore, the 
differential capability allows the converter to reject low- 
frequency common-mode signals. 

The voltage at the AIN+ pin is sampled at the beginning 
of the conversion and is referenced to the AIN- pin during 
the conversion. It is, therefore, essential that the voltage 
on AIN- be relatively constant with respect to AGND 




Figure 11. MAX 165/MAX 166 Equivalent Input Circuit 
1-68 



during the conversion; otherwise, conversion errors will 
result. If the AIN- input changes by a small voltage during 
the conversion, then the conversion result can be off by 
the same amount. For example, if the input has a 60Hz 
common-mode component of 0.5V with respect to 
AGND, an error of less than 0.1 LSB is incurred during the 
5\is conversion. The conversion errors increase with 
higher frequency or higher amplitude common-mode 
signals. 

Reference Input 



The high speed of this ADC can be partially attributed to 
the "inverted voltage output" topology of the DAC that it 
uses. This topology provides low offset and gain errors 
and fast settling times. The input current to the DAC, 
however, is not constant. During a conversion, as dif- 
ferent DAC codes are tried, the DC impedance of the 
DAC can vary between 6k£2 and 18kQ. Furthermore, 
when the DAC codes change, small amounts of transient 
current are drawn from the reference input. These char- 
acteristics require a low DC and AC driving impedance 
for the reference circuitry to minimize conversion errors. 

Figure 15 shows the recommended external reference 
circuitry to be used for driving the reference input of the 
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Figure 13. MAX165/MAX166SNRvs. Input Frequency 



MAX165/MAX166. The decoupling capacitors are 
necessary in order to provide a low-AC source im- 
pedance. 

Internal Reference 

The MAX165/MAX166 have an internal 1.23V bandgap 
reference and buffer suitable for driving the reference 
input of the ADC. As discussed before, the reference 
input requires a low DC and AC driving impedance. 

The reference buffer requires a 4.7|iF low ESR capacitor 
(tantalum or aluminum with additional 0. 1 |iF ceramic) for 
compensation and to achieve low-AC impedance. If this 
capacitor is omitted, oscillations can occur on the 
REFOUT pin. If the user chooses to use an external 
reference, the REFOUT pin can be tied to Vdd to disable 
the internal reference. 
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Figure 14. MAX 165A/MAX166A Accuracy vs. Conversion Time 




figure 15. External Reference Circuit 



Internal/External Clock 

The MAX165/MAX166 can be run either with an externally 
applied clock or with their internal clock. In either case, 
the signal appearing at the clock pin is internally divided 
by two to provide an internal clock signal that is relatively 
insensitive to the input clock duty cycle. Therefore, a 
single conversion takes 20 input clock cycles which 
corresponds to 10 internal clock cycles. 

Internal Clock 

The internal oscillator frequency is set by an external 
capacitor, Cclk, and an external resistor, Rclk, which are 
connected as shown in Figure 16A. During a conversion, 
a sawtooth waveform is generated on the CLK pin by 
charging Cclk through Rclk and discharging it through 
an internal switch. At the end of a conversion, the internal 
oscillator is shut down by clamping the CLK pin to Vdd 
through an internal switch . The circuit for the internal oscillator 
can be easily overdriven with an external clock source. 

The internal oscillator provides a convenient clock source 
for the MAX165/MAX166. Typical conversion times ver- 
sus temperature for the recommended Rclk and Cclk 
combination are shown in Figure 17. Due to process 
variations, the oscillation frequency for this Rclk, Cclk 
combination may vary by as much as ±50% from the 
nominal value shown in Figure 1 7. Therefore, an external 
clock should be used in the following situations: 

1. Applications which require the conversion time to 
be within 50% of the minimum conversion time for 
the specified accuracy (5ns). 

2. Applications in which time related software con- 
straints cannot accommodate conversion time dif- 
ferences which may occur from unit to unit or over 
temperature for a given device. 
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External Clock 

The CLK input of the MAX165/MAX166 may be driven 
directly by a 74HC or 4000B series buffer (e.g., 4049) or 
an LS TTL with a 5.6ki2 pullup resistor. At the end of a 
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conversion, the device ignores the clock input and dis- 
ables its internal clock signal. Therefore, the external 
clock may continue to run between conversions without 
being disabled. The duty cycle ratio of the external clock 
may vary from 70/30 to 30/70. As discussed previously, 
in order to maintain accuracy, clock rates significantly 
lower than the data sheet limits (4MHz) should not be 
used. 

Typical Applications 

Unipolar Operation 

Figures 16Aand 16B show the analog circuit connections 
and nominal transfer characteristics (Figure 16C) for 
unipolar operation. Since the offset and full-scale errors 
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Figure 18A. MAX165/MAX166 Bipolar Configuration 
(Internal Reference) 



Figure 18B. Nominal Transfer Characteristic for Bipolar 
Operation 



of the MAX1 65/MAX1 66 are very small, it is not necessary 
to null these errors in most cases. If calibration is re- 
quired, the following procedures can be followed. 

Offset Adjust 

The offset error can be easily adjusted by using the offset 
trim capability of an op amp when it is used as a voltage 
follower to drive the analog input AIN. The op amp that 
is used should have a common-mode input range that 
includes OV. The op amp input is initially set to +4.8mV 
(+1/2LSB), while its offset is varied until the ADC output 
code flickers between 0000 0000 and 0000 0001 . 

Full-Scale Adjustment 

The full-scale adjustment is made by forcing the analog 
input, AIN, to +2.445V (FS - 3/2LSB). The reference input 
voltage is then varied until the ADC output code flickers 
between 1111 1110 and 1111 1111. 

Bipolar Operation 

Figure 1 8A shows an example of the circuit connections 
for bipolar operation and its nominal transfer charac- 
teristics (Figure 18B). The output code provided by the 
MAX165/MAX166 is offset binary. The analog input range 
for this circuit is ±2.46V (1LSB =19.22mV), even though 
the voltage appearing at the AIN pin is in the range of 0V 
to +2. 46V. In most cases, the accuracy of the 
MAX165/MAX166 is high enough that calibration will not 



be neccesary. If calibration is not needed, resistors R1 
through R7 should have a 0.1% tolerance, with R4 and 
R5 replaced by one 10k£2 resistor, and R2 and R3 with 
one 1kQ resistor. If calibration is required, then the 
procedure is as follows: 

Offset Adjust 

The offset error can be adjusted by applying an analog 
input voltage of +2.43V (+FS - 3/2LSB). Resistor R5 is 
then adjusted until the output code flickers between 
1111 1110and 1111 1111. 

Full-Scale Adjust 

The full-scale errors are nulled by applying an analog 
input voltage of -2.45V (-FS + 1/2LSB). Resistor R3 is 
then adjusted until the output code flickers between 
0000 0000 and 0000 0001. 

Application Hints 

Noise 

In order to minimize noise coupling, both the input signal 
lead to AIN and the signal return lead from AGND should 
be kept as short as possible. If this is not possible, a 
shielded cable or a twisted pair transmission line is 
recommended. Additionally, potential differences be- 
tween the ADC ground and the signal source ground 
should be minimized since these voltage differences 
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appear as errors super-imposed on the input signal. In 
order to minimize system noise pickup, the driving source 
resistance should be kept below 2kil 

Proper Layout 

For PC board layouts, care should be taken to keep digital 
lines well separated from any analog lines. A single point, 
analog ground, which is separate from the digital system 
ground, should be established near the 
MAX165/MAX166. This analog ground point should be 
connected to the digital system ground through a single- 
track connection only. Any supply or reference bypass 
capacitors, analog input filter capacitors or input signal 
shielding should be returned to the analog ground point. 



Functional Diagrams (cont.) 
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Ordering Information (cont.) 



PART 


TEMP. RANGE 


PIN-PACKAGE ERROR 


MAX166ACPP 


O'C to +70'C 


20 Plastic DIP 


1/2 LSB 


MAX166BCPP 


O'C to +70'C 


20 Plastic DIP 


1 LSB 


MAX166CCPP 


O'C to +70'C 


20 Plastic DIP 


1/2 LSB 


MAX166DCPP 


O'C to +70"C 


20 Plastic DIP 


1 LSB 


MAX166ACWP 


O'C to +70'C 


20 Wide SO 


1/2 LSB 


MAX166BCWP 


O'C to +70'C 


20 Wide SO 


1 LSB 


MAX166CCWP 


O'C to +70'C 


20 Wide SO 


1/2 LSB 


MAX166DCWP 


O'C to +70'C 


20 Wide SO 


1 LSB 


MAX166DC/D 


O'C to +70'C 


Dice 


1 LSB 


MAX166AEPP 


-40'C to +85*C 


20 Plastic DIP 


1/2 LSB 


MAX166BEPP 


-40*C to +85*C 


20 Plastic DIP 


1 LSB 


MAX166CEPP 


-40°C to +85°C 


20 Plastic DIP 


1/2 LSB 


MAX166DEPP 


-40'C to +85'C 


20 Plastic DIP 


1 LSB 


MAX166AEWP 


-40'C to +85'C 


20 Wide SO 


1/2 LSB 


MAX166BEWP 


-40°C to +85'C 


20 Wide SO 


1 LSB 


MAX166CEWP 


-40'C to +85'C 


20 Wide SO 


1/2 LSB 


MAX166DEWP 


-40'C to +85'C 


20 Wide SO 


1 LSB 


MAX166AMJP 


-55'C to +125'C 


20 CERDIP 


1/2 LSB 


MAX166BMJP 


-55'Cto+125'C 


20 CERDIP 


1 LSB 


MAX166CMJP 


-55'C to+125'C 


20 CERDIP 


1/2 LSB 


MAX166DMJP 


-55'C to+125'C 


20 CERDIP 


1 LSB 



. Chip Topographies 



MAX166 



DB7(MSB) BUSY 
DB6 CLK MODE 




(3.302mm) 



Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied. 
Maxim reserves the right to change the circuitry and specifications without notice at any time. 
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General Description 

The MAX170 is a complete CMOS 12-bit A/D con- 
verter that combines high speed and accurate perform- 
ance with a cost and space saving serial interface in 
an 8-lead DIP or 16-lead surface mount SO package. 
It uses a high speed DAC and an accurate comparator 
in a successive approximation loop to achieve a 5.6//S 
conversion time. An on-chip buried-zener reference 
provides low-drift performance over the full tempera- 
ture range. 

External components are limited only to supply and 
reference decoupling capacitors. The CLOCK input 
can be driven from an external clock source such as a 
divided-down microprocessor clock. The MAX170 
works with +5V and -12V to -15V supply voltages, 
typically dissipating 135mW. 

The MAX170 is designed to work with general purpose 
serial-to-parallel converters, such as the 74HC595. It 
can also be used with digital-signal-processors such 
as the TMS32020, TMS320C25, NEC A/PD7720 or the 
DSP56000. The MAX170 has a three-wire interface 
that serially outputs a leading one, followed by 12 
data bits (MSB first). 

When the MAX170 is used with an external sample- 
and-hold amplifier, a maximum sampling rate of 
125kHz is possible. 

. Applications 

Telecommunication 
Digital Signal Processing (DSP) 
Sonar/Radar Signal Processing 
Isolated Industrial Data Acquisition 



Functional Diagram 



Vref AIN 
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♦ 12-Bit Resolution and Linearity 

♦ 5.6/is Fast Conversion Time 

♦ Serial Output 

♦ Self-Start Mode 

♦ Complete with On-Chip Reference 

♦ Low Power (13SmW) 

♦ Easy to Opto- or Transformer-Isolate 

♦ Small Footprint 8-Lead DIP, 16-Lead SO 



Ordering Information 



PART 


TEMP. RANGE 


PACKAGE 


ERROR 


MAX170ACPA 


0°C 


to 


+70" C 


Plastic DIP 


±1/2 LSB 


MAX170BCPA 


o°c 


to 


+70° C 


Plastic DIP 


±1 


LSB 


MAX170ACWE 


o°c 


to 


+70° C 


Wide SO 


±1/2 LSB 


MAX170BCWE 


o°c 


to 


+70° C 


Wide SO 


±1 


LSB 


MAX170BC/D 


o°c 


to 


+70° C 


Dice 


±1 


LSB 


MAX170AEPA 


-40° C 


to 


+85" C 


Plastic DIP 


±1/2 LSB 


MAX170BEPA 


-40° C 


to 


+85° C 


Plastic DIP 


±1 


LSB 


MAX170AEWE 


-40° C 


to 


+85° C 


Wide SO 


±1/2 LSB 


MAX170BEWE 


-40° C 


to 


+85" C 


Wide SO 


±1 


LSB 


MAX170AMJA 


-55° C 


to 


+125° C 


CERDIP 


±1/2 LSB 


MAX170BMJA 


-55° C 


to 


+125° C 


CERDIP 


±1 


LSB 



All DIP packages are 8 leads; all SO packages are 16 leads. 



Pin Configurations 



Top View 






Vdd LI 
AIN LI 
Vref LT 


sv\siyc\sv\ 

MAX170 


a v ss 

JJ CONVST/EOC 
J} CLOCK 


GND LT 




2 DATA 




DIP 




V DD LT 


• 


3D Vss 


N.C. LI 




«] N.C. 


n.c. LT 

AIN LT 
Vref LI 


ynyixiyn 

MAX170 


3D n.c. 

U CONVST/EOC 
3H CLOCK 


•Aqnd |T 




ii] N.C. 


*agnd LT 




U N.C. 


*dgnd LT 




3 DATA 




so 




'Leads 6, 7 and 8 must be connected together as close to 


the package as possible. 
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ABSOLUTE MAXIMUM RATINGS 



Vdd to GND -0.3 to +7V 

V ss to GND +0.3V to -17V 

AIN to AGND ±15V 

Digital Input Voltage to GND -0.3V, V D o +0.3V 

(Pins 6, 7, DIP) 
Digital Output Voltage to GND -0.3V, Vdd +0.3V 

(Pin 5, DIP) 



Operating Temperature Ranges 

MAX170XC 0°C to +70°C 

MAX170XE -40°C to +85°C 

MAX170XM -55°C to +120°C 

Storage Temperature Range -65°C to +160°C 

Power Dissipation (any package) to +70° C 500mW 

Derates Above +75° C by 6.25mW/°C 

Lead Temperature (Soldering 10 seconds) +300" C 



Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS 

(Vdd = +5V ±5%, Vss = -11.4V to -15.75V; fciK = 2.5MHz; T A = T M , N to Tmax unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN TYP MAX 


UNITS 


ACCURACY 


Resolution 






12 


Bits 


Integral Non-Linearity 


INL 


T A = 25° C 


MAX170A 


+1/2 


LSB 




MAX170AC/AE 

MAX170AM 

MAX170B 


±1/2 
+3/4 
+1 


Differential Non-Linearity 


DNL 


Guaranteed Monotonic Over Temperature 


±1 


LSB 


Offset Error (Note 1) 






MAX170A 
MAX170B 


±3 
±5 


LSB 


Full Scale Error (Note 2) 




T A = 25° C 


±10 


LSB 


Full Scale Tempco 
(Notes 3, 4) 






MAX170A 
MAX170B 


±25 
±45 


ppm/°C 


Conversion Time 


tcONV 


14 Clock Cycles 


56 


jus 


ANALOG INPUT 


Input Voltage Range 






+5 


V 


Input Current 




AIN = 0V to +5V 


3.5 


mA 


INTERNAL REFERENCE 


Vr E f Output Voltage 




T A = 25° C 


-5.2 -5.25 -5.3 


V 


Vref Output Tempco 
(Note 5) 






MAX170A 
MAX170B 


+20 
±40 


ppm/°C 


Output Current 
Sink Capability 




(Note 6) 


5 


mA 


POWER SUPPLY REJECTION 


Positive Supply Rejection 


Vdd 


FS Change, V S s = -15V or -12V, 
Vdd = 4.75V to 5.25V 


±1/2 


LSB 


Negative Supply Rejection 


Vss 


FS Change, 
Vdd = + 5V 


Vss = -14.25V to -15.75V 
Vss = -114V to -12 6V 


±1/8 
±1/8 


LSB 


LOGIC INPUTS 


Input Low Voltage 


V,L 




08 


V 


Input High Voltage 


V,H 




2.4 


V 


Input Capacitance (Note 7) 


C|N 




10 


pF 


Input Current 


l|N 


AIN = to Vdd 


CLOCK 
CONVST/EOC 


±10 

±200 ±500 
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ELECTRICAL CHARACTERISTICS (continued) 

(V DD = +5V ±5%, V ss = -114V to -15.75V; fci_K = 2.5MHz; T A = T M , N to T MAX unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN TYP MAX 


UNITS 


LOGIC OUTPUT 


Output Low Voltage 


Vol 


DATA Isink = 1.6mA 


0.4 


V 


DATA Isink = 6.0mA 


0.3 1.5 


Output High Voltage 


Voh 


DATA Isource = 200/yA 


4 


V 


POWER REQUIREMENTS 


Positive Supply Voltage 


Vdd 


±5% for Specified Performance 


5 


V 


Negative Supply Voltage 
(Note 8) 


Vss 


±5% for Specified Performance 


-15 to -12 


V 


Positive Supply Current 


I DO 


CONVST/EOC = Vdd. AIN = 0V 


5 8 


mA 


Negative Suply Current 


Iss 


CONVST/EOC = Vdd. AIN = 0V 


-6 -11 


mA 


Power Dissipation 




Vdd = + 5V, Vss = -15V 


115 205 


mW 


TIMING CHARACTERISTICS (Note 9) 

(V DD = +5V, V ss = -12V or -15V; T A = T„ IN to Tmax) 


CLOCK Pulse Width 


tcH • 
tCL 


CLOCK HIGH 
CLOCK LOW 


40 
60 


ns 


CONVST/EOC 
Pulse Width 


tsH 
tSL 


CONVST/EOC HIGH 
CONVST/EOC LOW 


40 
60 


ns 


CONVST/EOC to 
CLOCK Skew 


tsco 
tsci 


Leading CLOCK 
Leading CLOCK + 1 


40 

200 


ns 


CLOCK to DATA Delay 


tpD 




25 80 


ns 



Note 1: Typical change over temp is ±1 LSB. 

Note 2: FS = +5.000V. Ideal last code transition = FS - 3/2 LSB. Adjusted for offset error. 

Note 3: Full Scale Tempco = AFS/AT, where AFS is full scale change from T A = 25°C to T M | N or T MAX . 

Note 4: Includes internal reference drift. 

Note 5: Vref Tempco = A Vref/ AT, where AV REF is reference voltage change from T A = 25° C to T M | N or T MAX . 

Note 6: Output current should not change during conversion. 

Note 7: Guaranteed by design, not subject to test. 

Note 8: Specified performance with -12V supply is guaranteed by testing offset and full scale errors. 

Note 9: Timing specifications are sample tested at 25°C to ensure compliance. All input control signals are specified with t, = ti = 5ns 
(10% to 90% of +5V) and timed from a voltage level of +1.6V. 

Converter Operation 

The MAX170 uses a successive approximation tech- 
nique to convert an unknown analog input to a 12-bit 
digital output code. The digital interface requires only 
three digital lines. Most applications require only a 
few external passive components to perform the 
analog-to-digital function. Figure 1 shows the MAX170 
in its simplest operational configuration. 

Figure 2 shows the MAX170 analog equivalent circuit. 
The internal voltage output digital-to-analog converter 
(DAC) is controlled by a successive approximation 
register (SAR) and has an output impedance of 2.5kO. 
The analog input is connected to the DAC output with 
a 2.5kQ resistor. The comparator is essentially a zero- 
crossing detector with its output feeding back to the 
SAR input. 

Timing and Control 

The MAX170 can be used in two different modes; 

Forced-Start Mode requires an external conversion start Figure 1. MAX170 Operational Diagram 



signal to initiate the conversions. Self-Start Mode uses 
an internally generated conversion start signal and 
causes the MAX170 to convert continuously. 



MAX170 



+5V 



TO +5V 
ANALOG INPUT" 

Vref 



OUTPUT oiuF-i •I* 7 '* . 
(-5.25V) ^ j_?TANT * 



Vdd 


Vss 


AIN 


CONVST/ 
EOC 


Vref 


CLOCK 


GND 


DATA 



-15V 

CONVERSION 
INPUT/OUTPUT 

CLOCK INPUT 

SERIAL 
OUTPUT 
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Pin Description 



PIN 
DIP SO 


NAME 


FUNCTION 


1 1 


DD 


Positive Supply, +5V 


2 4 


AIN 


Analog Input, OV to +5V 
Unipolar 


3 5 


Vref 


Reference Voltage 
Output, -5.25V 


6,7 


AGND 


Analog Ground. Must be 
tied to the GND pin. 


4 8 


GND 


Ground 


5 9 


DATA 


Serial Data Output 


6 12 


CLOCK 


Clock Input, TTL/+5V 
CMOS compatible. 


7 13 


CONVST/EOC 


Conversion Start Input 
for three-wire mode; 
End-of-Conversion out- 
put for two-wire mode. 


8 16 


Vss 


Negative Supply, -12V or 
-15V 



KIN 



2.51(0 

-VA — 



I I* 



ykiyixiyki 

MAX170 



COMPARATOR 




SAR 



— DATA 



Figure 2. MAX170 Analog Equivalent Circuit 



Forced-Start Mode 

A conversion cycle is initiated on the ris ing edge of the 
conversion start signal (CONVST/EOC) that is coinci- 
dent with a falling edge of the CLOCK signal. Figure 3 
shows a single conversion cycle with a continuous 
CLOCK. Once started, a conversion cann ot be 
stopped and transitions at the CONVST/EOC input 
have no effect until the current conversion is com- 
pleted (minimum of 14 clock cycles from the last 
rising edge of the conversion start signal). 

The conversion start transition causes the SAR to set 
B11 (MSB) which drives the DAC output to half-scale. 
The analog input is compared to this value from the 
time of the conversion start transition until the second 
falling edge of CLOCK which latches the MSB result 
and sets the SAR to compare the next bit. The MSB 
result appears at the DATA output after a delay T pp 
from the falling edge of CLOCK. Each subsequent bit 
conversion proceeds similarly until all 12 bits of the 
DAC have been tried. Conversion is completed at the 
falling edge of the 13th CLOCK cycle. The DATA out- 
put returns high at the falling edge of the 14th CLOCK 
cycle and remains so until the next conversion sends 
out its MSB result. 

The next conversions can be started on the 14th 
CLOCK cycle of a previous conversion as shown in 
Figure 4. This results in the maximum throughput rate 
of one conversion per 14 CLOCK cycles. 

Conversion start transitions must arrive within the 
setup limits tgco and t sc1 relative to the falling 
edges of the CLOCK signal to guarantee that the 
serial DATA output stream will start at the second 
CLOCK cycle, as shown in Figure 4. Limits t sco and 
t S ci apply whether conversion is started directly after 
a previous cycle on the 14th CLOCK, or if idle CLOCK 
pulses exi st bet ween conversions. Note that bringing 
CONVST/EOC input high on the falling edge of 
CLOCK 14 allows the maximum time for the internal 
DAC to settle. 

It is possible to operate the MAX170 at a higher or 
lower clock rate than specified. At higher than 2.5MHz 
clock rates, the INL will degrade as shown in Figure 5. 
But at lower speeds, there will be no degradation of 
the INL. 



CONVST/EOC 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 
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BIT TRIAL 



DATA 



| B11 (MSB) | B10 | B9 | B8 | B7 | B6 | BS | B4 | B3 | B2 | B1 | BO | 
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Figure 3. Forced-Start Mode Timing (14 Clocks Per Conversion Cycle) 
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Figure 4. MAX170 Timing Diagram 
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Figure 5. Typical INL vs Clock Rate for MAX170 

Self-Start Mode 

The CONVST/EOC pin is internally driven by a 
conversion complete signal through a 13kfl (typical 
value) resistor, R| NT (Figure 6). By leaving this 
pin open-circuited, the MAX170 will generate its 
own conversion start input and run at a rate of one 
conversion for every 13 CLOCK cycles. The signal 
at the CONVST/EOC pin can be buffered and used 
as a framing signal to synchronize the serial data 
(Figure 7). 



Figure 6. MAX170 Logic Equivalent for Start and Clock 
Inputs 

The CLOCK rate in the self-start mode will be limited 
by capacitive loading of the CONVST/EOC pin. There- 
fore, no more than one HCMOS logic input and a 
minimum of PC board capacitance should be con- 
nected to this pin when high speed conversions are 
desired. The maximum CLOCK rate for this mode will 
be limited by the requirement that the conversion start 
signal must cross the logic high threshold (V, H = 2.4V) 
of this input at least 200ns before the falling edge of 
the first clock cycle (t sci ). 



CONVST/EOC 
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Figure 7. Self-Start Mode Timing (13 Clocks Per Conversion Cycle) 
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For instance, a minimal buffer circuit of one HC MOS 
gate input (10pF) connected to the CONVST/EOC 
pin and 15pF of PC board capaci tance result in a total 
load of 25pF. Since the CONVST/EOC pin is internally 
driven high through the R| NT during the 13th clock 
period, an R-C charging delay results. (The value of 
R| NT depends on process variations, and can have a 
maximum value of 17kfl.) The R-C delay plus the 
200ns required setup time cannot exceed the half- 
period of the CLOCK signal. Assuming a 50% duty 
cycle, the maximum CLOCK frequency that can be 
used in the self-start mode would be: 

'clock (MAX) = 1/(2 (0.7 R| NT C LO ad + 200ns)) = 1MHz 

with R, NT = 17kn, and C L0AD = 25pF. 

Output Coding 

The data output from MAX170 is in the Straight Binary 
Code. Other common binary codes, such as 2's com- 
plement, offset binary or complementary codes, can be 
obtained by inverting either the serial data, or the 
proper bit(s) of the parallel data in software or hardware. 

Applications 



Unipolar Input Operation 

Figure 8 shows the nominal input/output transfer 
function of the MAX170. Code transitions occur half- 
way between successive integer LSB values. The 
output coding is binary with 1LSB = 1.22mV (5V/4096). 

Offset and Full Scale Adjustment 

In applications where the offset and full scale range 
have to be adjusted for the ADC, use the circuit shown 
in Figure 9. Note that the amplifier shown could also 
have been a sample-and-hold. The offset should be 
adjusted first. Apply 1/2 LSB (0.61 mV) at the analog 
input and adjust the offset of the amplifier until the 
digital output code changes between 0000 0000 0000 
and 0000 0000 0001. 

To adjust the full scale range, apply FS - 3/2LSB 
(4.9817V) at the analog input and adjust R1 until the 
output code changes between 1111 1111 1110 and 
1111 1111 1111. 




'ADDITIONAL PINS OMITTED FOR CLARITY 
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COOE 
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Figure 8. MAX170 Transfer Function 

Bipolar Input Operation 

Bipolar operation can be achieved in two modes: 
non-inverting and inverting. For both cases the ampli- 
fier shown in the circuits can be replaced by the 
AD585 or HA5320 sample-and-hold amplifiers. Several 
different input ranges are possible by selecting the 
values for the scaling resistors as shown in Tables 1 
and 2. 

Figure 10 shows the bipolar operation in the non- 
inverting mode, where the output coding is offset 
binary. Figure 11 shows the ideal transfer function for 
this mode. 
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Figure 9. Full-Scale Adjustment 



Figure 10. MAX170 Non-Inverting Bipolar Operation 
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1. Resistor and Potentiometer Values Required 
for Offset and Gain Adjustment of Figure 10 



Vin Range 
(Volts) 


R3* 
(kfl) 


R4* 

(kfl) 


Rz 
(0) 


Rg 
(O) 


1/2LSB 
(mV) 


FS/2-3/2LSBS 
(Volts) 


±2.5 


3.83 


8.25 


500 


500 


0.61 


2.49817 


±5.0 


33.2 


16.9 


500 


1000 


1.22 


4.99634 


±10.0 


47.5 


9.53 


500 


500 


2.44 


9.99268 



*R3 and R4 have a 0.1% tolerance. All resistors are standard 
EIA/MIL decade values. 




OV 

V| N INPUT VOLTAGE 



Figure 11. Ideal Input/Output Transfer Characteristics for the 
Bipolar Circuits Shown in Figures 10 and 12 

Figure 12 shows the bipolar operation in the inverting 
mode where the output coding is complementary 
offset binary. Figure 11 shows the ideal transfer func- 
tion for the circuit in Figure 12. 

The resistors used in bipolar applications should be 
of the same type and from the same manufacturer to 
obtain low temperature drift. 0.1% resistors are rec- 
ommended for applications where offset and full scale 
adjustments must be made in bipolar circuits. If high 
tolerances are used, larger value potentiometers must 
be used and this results in poor sensitivity and higher 
temperature drifts. 

Offset and Full Scale Adjustment 

Offset should always be adjusted before full scale. For 
both circuits apply +1/2LSB to the analog input (see 
Tables 1 and 2) and adjust R z until the output code 
flickers bewteen the following codes: 

For Non-Inverting (Figure 10) 1000 0000 0000 

1000 0000 0001 

For inverting (Figure 12) 0111 1111 1111 

0111 1111 1110 

SMSJXISI'I 



Apply FS - 3/2LSB (See Tables 1 and 2) to the input 
and adjust R G until the ADC output code flickers 
between the following codes: 

For Non-inverting (Figure 10) 1111 1111 1110 

1111 1111 1111 



For inverting (Figure 12) 



0000 0000 0001 
0000 0000 0000 



analog Rg , R1 

INPUT oy^wvV, — 
(V,N) 

R3 



RZ 



-5.25V 
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Figure 12. MAX170 Inverting Bipolar Operation 

Table 2. Resistor and Potentiometer Values Required 
for Offset and Gain Adjustment of Figure 12 



V,N 

Range 
(Volts) 


R1* 

(kfl) 


R2* 
(kfl) 


R3* 
(kfl) 


Rz 

(O) 


Rg 
(O) 


1/2LSB 
(mV) 


FS/2-3/2 
LSBs 
(Volts) 


±2.5 


20 


205 


42.2 


2000 


1000 


0.61 


2.49817 


±5.0 


20 


10.2 


21 


1000 


1000 


1.22 


4.99634 


±10.0 


20 


5.11 


10.5 


500 


1000 


2.44 


9.99268 



*R1, R2 and R3 have a 0.1% tolerance. All resistors are 
standard EIA/MIL decade values. 

MAX 170 to Sample-and-Hold Interface 

The analog input to the MAX170 must be stable to 
within ±1/2LSB during the entire conversion for speci- 
fied 12-bit accuracy. This limits the input signal band- 
width to a few Hz for sinusoidal inputs. For higher 
bandwidth signals, a sample-and-hold should be used. 

The signal that starts the MAX170 conversions can be 
used to provide the TRACK/HOLD signal to the sample- 
and-hold amplifier. The MAX170's DAC is switched at 
approximately the same time as the sample-and-hold 
amplifier starts holding the signal. The sample-and-hold 
amplifier should switch to the HOLD mode before 
there are any disturbances on the input signal, other- 
wise code dependent errors will be observed. These 
can be avoided by starting the MAX170 slightly after 
the TRACK/HOLD signal by using a gate delay. For 
synchronous conversion start and CLOCK as described 
above, the maximum allowable hold settling time for 
the sample-and-hold is 600ns. 
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Figure 13 shows the MAX170 to AD585 sample-and- 
hold interface circuit. In this example the analog input 
range is +2.5V but other voltage ranges can also 
be configured. 

The maximum sampling rate is 125kHz with a 2.5MHz 
clock and 64.5kHz with a 1MHz clock allowing for a 
3j/s sample-and-hold acquisition time. At the 2.5MHz 
clock rate a faster sample-and-hold amplifier, such as 
the HA-5320, is recommended (Figure 14). 

MAX 170 in Remote Applications 

Figure 15 shows a MAX170 operating in the self-start 
mode with a three-wire digital interface to a 12-bit 
parallel output port. The analog input is referenced to 
signal ground at the GND pi n of t he MAX170. CMOS 
inverters isolate the CONVST/EOC pin from the capac- 
itive load of the wire interface and the multiple register 
inputs. The parall el data outpu ts are updated at the 
rising edge of the DATA VALID signal. 



MAX 170 with Opto-lsolators 

Serial interface simplifies opto-coupled or transformer- 
coupled A/D converter applications. For example, trans- 
ducer outputs often require electrical isolation to separ- 
ate the control electronics from hazardous electrical 
conditions, provide noise immunity or bridge large dif- 
ferences in ground potential. Isolation amplifiers that are 
typically used for accomplishing this cost up to $100 per 
channel. The MAX170 provides a low cost alternative to 
isolation amplifiers, and it performs the A/D conversion 
as well (Figure 16A). The A/D converter results are trans- 
mitted across a 1500V isolation barrier provided by three 
6N136 optical isolators. 74HC595 3-statable shift registers 
then reconstruct a 12-bit parallel data output. Figure 16B 
shows the timing diagram for this application. The 
conversion speed is limited by the speed of the opto- 
isolators, and with a 140kHz clock conversion time is 
100/ys. For those who prefer even greater space savings, 
Maxim's MAX171 that combines the MAX170, three 
opto-isolators and load resistors in a 16-lead DIP 
package, is recommended. 
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Figure 15. Self-Start Mode 



Application Hints 

Physical Layout 

For best system performance printed circuit boards 
should be used for the MAX170. Wire wrap boards are 
not recommended. The layout of the board should 
ensure that digital and analog signal lines are kept 
separated from each other as much as possible. Care 
should be taken not to run analog and digital lines 
parallel to each other or digital lines underneath the 
MAX170 package. 



Grounding 

Figure 17 shows the recommended system ground 
connections. A single point analog STAR ground should 
be established at pin 4 (GND) of the MAX170. All 
grounds should be connected to this STAR ground. 
The ground return to the power supply from this STAR 
ground should be low impedance for noise-free opera- 
tion of the MAX170. 
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Power Supply Bypassing 

The high speed comparator in the MAX170 is sensitive 
to high frequency noise in the V DD and V ss power 
supplies. These supplies should be by-passed to the 
analog STAR ground with 0.1//F and 10/yF by-pass 
capacitors with minimum lead length for supply noise 
rejection. If the +5V power supply is very noisy, a small 
resistor (10-20O) can be connected as shown in Figure 
17 to filter external noise. 

Internal Reference 

The MAX170 has an on-chip reference that is built with a 
buffered and temperature compensated buried zener 
diode, laser-trimmed to -5.25V ±1%. Its output is con- 
nected to the Vo EF pin and also drives the internal DAC. 
This output can be used as a reference voltage source for 
other components. 

For minimal transition noise, the V REF pin must be 
decoupled with a 47//F tantalum capacitor in parallel with 
a 0.1//F capacitor to filter out the wideband noise of the 
zener diode and to provide low impedance at high 
frequencies (Figure 1). This capacitor also creates the 
dominant pole of the reference buffer amplifier for stabil- 
ity. If this capacitor is not used, the reference will oscillate. 
Since the MAX170 buffer amplifier is designed to be 
stable with this capacitor, no series resistance should be 
used between the V REF pin and the capacitor. This capa- 
citor must not be less than 4.7//F. 

Driving the Analog Input 

The input signal leads to AIN and GND should be as 
short as possible to minimize noise pick-up. If the leads 
must be long, use shielded cables to minimize noise 
pick-up. 



The input impedance at the AIN pin is typically 2.5kQ. 
The amplifier driving AIN must have low enough DC 
output impedance for low gain error. Furthermore, low 
AC output impedance is also required since the analog 
input current is modulated at the clock rate during a 
conversion. The output impedance of the driving ampli- 
fier is reduced by the loop gain at the frequency of 
interest. With a maximum clock rate of 2.5MHz, it is 
possible to drive the MAX170 with amplifiers like the 
OP-42, AD711, or OP-27. At 1MHz clock rate a MAX400 
or OP-07 can also be used. 



Chip Topography 
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General Description 



The MAX171 is a complete 5.8/zs, 12-bit analog-to- 
digital converter (ADC) that provides over 1,500Vrms 
electrical isolation between its analog input and the 
digital interface pins. It combines a serial output 12- 
bit ADC, three opto-couplers, and a low-drift buried- 
zener voltage reference in a standard 16-lead plastic 
DIP package (0.3"). 

Required external components are limited to supply 
and reference decoupling capacitors and three resistors. 
The 2.5MHz clock input can be driven from an ex- 
ternal clock source such as a divided microprocessor 
clock. The MAX171 works with +5V and -12V to -15V 
supply voltages and typically dissipates 265mW. 

The MAX171 is useful in applications where an analog 
signal must be electrically isolated from control elec- 
tronics to avoid hazardous electrical conditions, pro- 
vide noise immunity, or bridge large differences in 
ground potential. These situations have traditionally 
required an instrumentation or isolation amplifier with 
suitably high common mode rejection. If the analog 
signal must be digitized at some point in the signal 
chain, the MAX171 can replace these isolating ampli- 
fiers while providing high performance and lower cost. 



Applications 



Ground-Loop Interruption 
Process Control 

Isolated Industrial Data Acquisition 
Electro-Mechanical Systems 
Robotics 

Automatic Test Equipment 

Functional Diagram 
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♦ Optical Isolation to Over 1,500Vrms 

♦ UL Recognized in File E118032 to UL1577 

♦ 12-Bit Resolution and Linearity 

♦ 5.8/us Conversion Time 

♦ No Missing Codes Over Temperature 

♦ Serial Output 

♦ Complete with On-Chip Reference 

♦ Standard 16-Lead Plastic DIP Package 



Ordering Information 



PART 


TEMP 


RANGE 


PACKAGE 


ERROR 


MAX171 ACPE 


0°C 


to+70°C 


Plastic 


DIP 


±14 LSB 


MAX171 BCPE 


o°c 


to+70°C 


Plastic 


DIP 


±1 LSB 


MAX171 AEPE 


-40° C 


to +85° C 


Plastic 


DIP 


±14 LSB 


MAX171BEPE 


-40° C 


to+85°C 


Plastic 


DIP 


+1 LSB 



.Pin Configuration 



TOP VIEW 
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Isolation Voltage 

1 second 1,500 Vrms 

1 minute 1,200 V RM s 

Continuous 130 Vrms 

Operating Temperature Ranges 

MAX171XC 0°C to +70°C 

MAX171XE -40°C to +85°C 

Storage Temperature Range -65°C to +160°C 

Power Dissipation to +75°C 1000mW 

Derates Above +75°C by 10mW/°C 

Lead Temperature (Soldering 10 sec) +300° C 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation ot the device at these or any other conditions above those indicated in the operational sections ol the specitications is not 
implied. Exposure to absolute maximum rating conditions tor extended periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS 

(V cc = +5V ±5%, Viso v* = +5V ±5%, V,so v- = -11.4V to -15.75V; f C LK = 2.5MHz; T A = Tmin to Tmax unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN TYP MAX 


UNITS 


ISOLATION (Ta = +25°C, Note 1) 


Test Voltage 


VlSO 


1 second withstand 

1 minute withstand (Note 2) 


1500 
1200 


Vrms 
Vrms 


Leakage Current 


I ISO 


Viso = 130Vrms. 60Hz 


2 50 


/"Arms 


Resistance 


FllSO 


Viso = 500VDC 


1010 


n 


Capacitance 


Ciso 




5 


PF 


ACCURACY 


Resolution 






12 


Bits 


Integral Non-Linearity 


INL 




MAX171 AC 
MAX171AE 
MAX171B 


±1/2 
±3/4 
±1 


LSB 


Differential Non-Linearity 


DNL 


Guaranteed Monotonic Over Specified 
Temperature Range 


±1 


LSB 


Offset Error (Note 3) 






MAX171A 
MAX171B 


±3 
±5 


LSB 


Full Scale Error (Note 4) 




Ta = 25° C 


±10 


LSB 


Full Scale Tempco 
(Notes 5, 6) 






±45 


ppm/°C 


Conversion Time 


tcONV 


14 Clock Cycles + Opto-Coupler Delay 


5.8 


US 


ANALOG INPUT 


Input Voltage Range 






+5 


V 


Input Current 




AIN = 0V to +5V 


3.5 


mA 


INTERNAL REFERENCE 


Vref Output Voltage 




Ta = 25° C 


-5.2 -5.25 -5.3 


V 


Vref Output Tempco 
(Note 7) 






±40 


ppm/°C 


Output Current 
Sink Capability 




(Note 8) 


5 


mA 


POWER SUPPLY REJECTION 


Positive Supply Rejection 


VOD 


FS Change, 

V ss = -15V or -12V 


Vdd = 4.75V to 5.25V 


±1/2 


LSB 


Negative Supply Rejection 


Vss 


FS Change, 
V DD = +5V 


Vss = -14.25V to -15.75V 
V SS = -114V to -12.6V 


±1/8 
±1/8 


LSB 



ABSOLUTE MAXIMUM RATINGS 



Visov* to ISO GND -0.3V to +7V 

Viso v- to ISO GND +0.3V to -17V 

AIN to ISO GND +15V 

Vcc to GND -0.3V to +7V 

DATA Output Current 60mA 

DATA Output Voltage 5.5V 

Digital Inputs: S + to S" and CK + to CK": 

LED Current • 15mA 

LED Reverse Voltage 5V 
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ELECTRICAL CHARACTERISTICS (continued) 

(Vcc - +5V ±5%, Viso v* = +5V ±5%, Viso v- = -11.4V to -15.75V; f C LK = 2.5MHz; T A = T M | N to Tmax unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


LOGIC INPUTS (S + to S- and CK + to CK") 


LED Operating Current 


I IN 




8 


10 


15 


mA 


LED Forward Operating 
Voltage 


VlN 


l|N = 10mA 




1.55 


1.75 


V 


LED Capacitance (Note 9) 


ClN 




60 


pF 


LOGIC OUTPUT (DATA) 


Output Low Voltage 


Vol 
Vol 


ISINK = 1.6mA 
ISINK = 13mA 


0.25 




0.4 
0.6 


V 


Output High Current 


IqH 


VDATA = 5.5 V 




0.02 


250 




POWER REQUIREMENTS 


Analog Positive Supply 
Voltage 


Viso v* 


±5% for Specified Performance 


4.75 




5.25 


V 


Analog Negative Supply 
Voltage (Note 10) 


Viso v- 


+5% for Specified Performance 


-15.75 




-11.4 


V 


Analog Positive Supply 
Current 


hso v* 


START = Vqd. AIN = 0V 




25 


44 


mA 


Analog Negative Supply 
Current 


I ISO v- 


START = V D rj, AIN = 0V 




-6 


-12 


mA 


Digital Positive Supply 
Voltage 


Vcc 




4.75 




5.25 


V 


Digital Positive Supply 
Current 


Ice 






10 


18 


mA 


Power Dissipation 




Viso v* = +5V, V IS0 v- = -15V, V cc = +5V 




265 


495 


mW 


TIMING CHARACTERISTICS (Note 11) 


CLOCK Pulse Width 


tCH 
tCL 


CLOCK HIGH 
CLOCK LOW 


60 
80 


ns 


START Pulse Width 


tsH 
tsL 


START HIGH 
START LOW 


60 
80 


ns 


START to CLOCK Skew 


tsco 
tsci 


Leading CLOCK 
Leading CLOCK + 1 


250 




100 


ns 


CLOCK to DATA Delay 


tpD 


T A = 25° C 




175 


250 


ns 



Note 1: Isolation voltage is measured between pins 1 to 8 connected together and pins 9 to 16 connected together. 
Note 2: Guaranteed by the "2 second withstand test voltage," which is 100% production tested. 
Note 3: Typical change over temp is ±1 LSB. 

Note 4: Viso v* = +5V, Viso v- = -15V, FS = +5.000V or +2.500V. Ideal last code transition = FS - 3/2LSB 
Note 5: Full Scale Tempco = AFS/AT, where AFS is full scale change from T A = 25" C to T M in or T M ax- 
Note 6: Includes internal reference drift. 

Note 7: Vref Tempco = AV RE f/AT, where AV REF is reference voltage change from T A = 25°C to T M in or Tmax- 
Note 8: Output current should not change during conversion. 
Note 9: Guaranteed by design, not subject to test. 

Note 10: Specified performance with -12V supply is guaranteed by testing offset and full scale errors. 

Note 11: Timing specifications are sample tested to LTPD = 10 at 25°C to ensure compliance. All input control signals are 
specified with t r = t, = 5ns (10% to 90% of +5V) and timed from a voltage level of +1.6V. 
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Pin Description 



PIN 
DIP 


NAME 


FUNCTION 


1 


ISO DGND 


Isolated Digital Ground 


2 


ISO V 


Analog Negative Supply, 
-12V or -15V 


3 


ISO V + 


Analog Positive Supply, 
+5V 


4 


AIN 


Analog Input, 0V to +5V 
Unipolar 


5 


REF 


Reference Voltage Output, 
-5.25V 


6 


ISO 
AGND 


Isolated Analog Ground. 
Normally tied to 
ISO DGND 


7 


TP 


Test Pin. Leave 
unconnected 


8 


ISO DGND 


Isolated Digital Ground 


ELECTRICAL ISOLATION BARRIER 


9 


v C c 


Digital Positive Supply. 
+5V 


10 


GND 


Digital Ground 


11 


DATA 


Serial Data Output 


12 


CK" 


Clock" Input 


13 


CK + 


Clock* Input 


14 


S + 


Conversion Start* Input 


15 


S 


Conversion Start" Input 


16 


N.C. 


No Connect 



Converter Operation 

A/D Converter 

The MAX171 combines a successive approximation 
A/D converter and three opto-couplers to convert an 
unknown analog input to an electrically isolated 12-bit 
serial output code. The opto-coupled digital interface 
works with three interface signals: Conversion Start 
Input (S\ S"), Clock Input (CK\ CK"), and the Serial 
Data Output (DATA). Most applications require only a 
few external passive components to perform the 
analog-to-digital function. Figure 1 shows the MAX171 
in its simplest operational configuration. 

Figure 2 shows the MAX171 analog equivalent circuit. 
The internal digital-to-analog converter (DAC) is con- 
trolled by a successive approximation register (SAR) 
and has an output impedance of 2.5kO. The analog 
input is connected to the DAC output with a 2.5kO 
resistor. The comparator is essentially a zero-crossing 
detector with its output feeding back to the SAR 
input. 



Opto-Couplers 

The Start (S + , S") and Clock (CIO, CK") inputs to the 
MAX171 are unbuffered LEDs and require a series 
resistor of typically 470O to a TTL or 5V-CMOS gate 
to set the drive current. The preferred connection is 
to tie the resistor from +5V to the LED anode and 
then connect logic LED cathode as shown in Figure 1. 
Alternatively, logic drive current may be sourced to 
a grounded LED, but this requires opposite logic 
polarity from Figure 1 for both the Start and Clock 
signals. 

The serial data output is an open-collector NPN bi- 
polar transistor, and normally requires a 470fi pull-up 
resistor to a +5V supply. The external stray capacit- 
ance at the DATA output pin should be kept below 
10pF for operation at the maximum clock rate. A low 
signal at the DATA output represents a logical "1" in 
the output word. 

Power Supplies 

The MAX171 requires three power supplies: +5V and 
-12V to -15V is required on the isolated analog side of 
the package (ISO V + , ISO V"). A separate +5V voltage 
source (V cc ) is required on the digital side of the 
isolation barrier for the DATA output transmitter. 

Digital Interface 

Clock — Data Skew 

While the opto-isolators used in the MAX171 are fast 
enough for the specified conversion speed of 5.8/us, 
they do add a time delay that impacts high speed 
operation. The A/D cannot begin processing a clock 
edge before it crosses the isolation barrier. Therefore, 
the digital I/O signals at the A/D lag/lead the digital 
signals at the input/output pins. For example, as each 
successive approximation decision is sent out, it 
appears at the DATA pin following a delay induced by 
the opto-coupler. At low conversion rates (below 1 MHz 
clock) these delays are negligible and Clock and 
Start signals may be applied simultaneously to the 
MAX171 and to the output register. At clock speeds 
above 1 MHz, these delays become a significant portion 
of the clock cycle and must be compensated for best 
performance. Figure 3 illustrates using delay lines in 
the start and clock signals applied to the output 
register. 

Timing and Control 

A conversion cycle is initiated on the rising edge of 
the conversion start signal that is coincident with a 
falling edge of the Clock signal. Figure 4 shows a 
single conversion cycle with a continuous Clock. 
Once started, a conversion cannot be stopped and 
transitions at the Start input have no effect until the 
CURRENT conversion is completed (minimum of 14 
clock cycles from the last rising edge of the conversion 
start signal). 
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Figure 1. MAX171 Operating Circuit 
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The Conversion Start transition causes the SAR to set 
B11 (MSB), driving the DAC output to half-scale. The 
analog input is compared to this value from the time 
of the conversion start transition until the second 
falling Clock edge which latches the MSB result and 
sets the SAR to compare the next bit. The MSB result 
appears at the DATA output after a delay, tpo from 
the falling edge of Clock. Each subsequent bit conver- 
sion proceeds similarly until all 12 bits of the DAC 
have been tried. The conversion is completed at the 
falling edge of the 13th Clock cycle. The DATA output 
returns high at the falling edge of the 14th Clock 
cycle and remains so until the next conversion sends 
out its MSB result. 

The next conversion can be started on the 14th Clock 
cycle of a previous conversion as shown in Figure 4. 
This allows the maximum throughput rate, one con- 
version per 14 Clock cycles. 
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Figure 3. MAX171 Opto-lsolated Conversion with Parallel Data Output 
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Figure 5. MAX171 Timing Diagram 

Conversion Start Timing 

Conversion start transitions must arrive within the 
setup limits tsco and tsci relative to the falling edge of 
the Clock. This guarantees that the serial DATA output 
stream starts at the second Clock cycle, as shown in 
Figure 5. Limits on tsco and tsci apply whether a 
conversion is started directly after a previous cycle on 
the 14th Clock, or if idle Clock pulses occur between 
conversions. Note that bringing the Start input high 
on the falling edge of the 14th Clock cycle allows the 
maximum time for the internal DAC to settle. 

Output Coding 

The data output from MAX171 is in Straight Binary 
Code. Other common binary codes, such as 2's com- 
plement, offset binary or complementary codes, can 
be obtained by inverting either the serial data, or the 
appropriate bit(s) of the parallel data in software or 
hardware. 

Applications 

Unipolar Input Operation 

Figure 6 shows the nominal input/output transfer 
function of the MAX171. Code transitions occur half- 
way between successive integer LSB values. The 
output coding is binary with 1LSB = 1.22mV (5V/4096). 

Offset and Full Scale Adjustment 

In applications where the offset and full scale range 
have to be adjusted for the ADC, use the circuit shown 
in Figure 7. Note that the amplifier shown could also 
have been a sample-and-hold. The offset should be 
adjusted first. Apply 1/2 LSB (0.61 mV) at the analog 
input and adjust the offset of the amplifier until the 
digital output code changes between 0000 0000 0000 
and 0000 0000 0001. 

To adjust the full scale range, apply FS - 3/2LSB 
(4.9817V) at the analog input and adjust R1 until the 
output code changes between 1111 1111 1110 and 
1111 1111 1111. 



OUTPUT 
CODE 




I I I- 
12 3 
LSB LSBS LSBS 



h 



FS - I LSB 

AIN. INPUT VOLTAGE {IN TERMS OF LSB S) 



Figure 6. MAX171 Transfer Function 
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Figure 7. Full-Scale Adjustment 
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Figure 8. MAX171 Non-Inverting Bipolar Operation 



Table 1. Resistor and Potentiometer Values Required 
for Offset and Gain Adjustment of Figure 8 



V| N Range 
(Volts) 


R3* 
(kfl) 


R4* 
(kfi) 


Rz 

(0) 


Rg 
(0) 


1/2LSB 
(mV) 


FS/2-3/2LSBS 
(Volts) 


±2.5 


3.83 


8.25 


500 


500 


0.61 


2.49817 


±5.0 


33.2 


16.9 


500 


1000 


1.22 


4.99634 


±10.0 


47.5 


9.53 


500 


500 


2.44 


9.99268 



*R3 and R4 have a 0.1% tolerance. All resistors are standard 
EIA/MIL decade values. 



Table 2. Resistor and Potentiometer Values Required 
for Offset and Gain Adjustment of Figure 9 



V|N 

Range 
(Volts) 


R1* 
(kfl) 


R2* 
(kfJ) 


R3* 
(kfl) 


Rz 
(O) 


Rg 
(O) 


1/2LSB 
(mV) 


FS/2 
-3/2 LSBs 
(Volts) 


±2.5 


20 


20.5 


42.2 


2000 


1000 


0.61 


2.49817 


±5.0 


20 


102 


21 


1000 


1000 


1.22 


4.99634 


±10.0 


20 


5.11 


10.5 


500 


1000 


2.44 


9.99268 



*R1, R2 and R3 have a 0.1% tolerance All resistors are 
standard EIA/MIL decade values. 



Bipolar Input Operation 

Bipolar operation can be achieved in two modes: 
non-inverting and inverting. For both cases, the ampli- 
fier shown in the circuits can be replaced by the 
AD585 or HA5320 sample-and-hold amplifiers. Several 
different input ranges are possible by selecting the 
values for the scaling resistors as shown in Tables 1 
and 2. 

Figure 8 shows the bipolar operation in the non- 
inverting mode, where the output coding is offset 
binary. Figure 10 shows the ideal transfer function for 
this mode. 

Figure 9 shows the bipolar operation in the inverting 
mode where the output coding is complementary 
offset binary. Figure 10 shows the ideal transfer func- 
tion for the circuit in Figure 9. 

The resistors used in bipolar applications should be 
of the same type and from the same manufacturer to 
obtain low temperature drift. 0.1% resistors are rec- 
ommended for applications where offset and full scale 
adjustments must be made in bipolar circuits. If high 
tolerances are used, larger value potentiometers must 
be used and this results in poor sensitivity and higher 
temperature drifts. 



ANALOG R6, Rl 
INPUT <yy*£-*ss*- 
(Vin) 




-5.25V 



Offset and Full Scale Adjustment 

Offset should always be adjusted before full scale. For 
both circuits apply +1/2LSB to the analog input (see 
Tables 1 and 2) and adjust R z until the output code 
flickers bewteen the following codes: 

For Non-Inverting (Figure 8) 
For Inverting (Figure 9) 



1000 0000 0000 
1000 0000 0001 

0111 1111 1111 
0111 1111 1110 



Apply FS - 3/2LSB (See Tables 1 and 2) to the input 
and adjust R G until the ADC output code flickers 
between the following codes: 



For Non-Inverting (Figure 8) 
For Inverting (Figure 9) 



1111 1111 1110 
1111 1111 1111 

0000 0000 0001 
0000 0000 0000 



Figure 9. MAX171 Inverting Bipolar Operation 
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VlN INPUT 



Figure 10. Ideal Input/Output Transfer Characteristics for 
the Bipolar Circuits in Figures 8 and 9 

MAX 171 to Sample-and-Hold Interface 

The analog input to the MAX171 must be stable to 
within ±1/2LSB during the entire conversion for speci- 
fied 12-bit accuracy. This limits the input signal band- 
width to a few Hertz for sinusoidal inputs. For higher 
bandwidth signals a sample-and-hold should be used. 

The signal that starts a conversion can be used to 
provide the TRACK/HOLD signal to the sample-and- 
hold amplifier. Note that this signal is not available on 
the isolated side of the barrier and must be separately 
coupled. The MAX171's DAC is switched at approxi- 
mately the same time as the sample-and-hold ampli- 
fier starts holding the signal. The sample-and-hold 
amplifier should switch to the HOLD mode before 
there are any disturbances on the input signal, other- 
wise code dependent errors will be observed. These 
can be avoided by starting the MAX171 slightly after 
the TRACK/HOLD signal by using a gate delay. For 
synchronous conversion start and CK + , CK" as de- 
scribed above, the maximum allowable hold settling 
time for the sample-and-hold is 600ns. 

Circuit Layout 

For best system performance printed circuit boards 
should be used for the MAX171. Wire wrap boards are 
not recommended. The layout of the board should 
ensure that digital and analog signal lines are separat- 
ed from each other as much as possible. Care should 
be taken not to run analog and digital lines parallel to 
each other or digital lines underneath the MAX171 
package. 

The pin configuration of the MAX171 is designed to 
provide optimum electrical isolation in printed circuit 
layouts. To maintain this capability, connections from 

/H/JXI/H 



the analog side (Pins 1-8) of the A/D should be 
separated from the digital side (Pins 9-16) and should 
not reach or run underneath the package. In some 
cases it may be best to "notch" or cut out the circuit 
board material to form an air gap between the pin rows. 

Grounding 

No special precautions are necessary for the ground 
connection on the digital side of the MAX171. Connect 
GND (Pin 10) near the ground of the device that will 
receive the data. The isolated analog ground (ISO 
AGND, Pin 6) must be connected to the isolated 
digital ground pins (ISO DGND, Pins 1 and 8), and 
together they should be tied to the ground of the 
analog signal. No connection is needed between GND 
(Pin 10) and the isolated grounds. 

Power-Supply Bypassing 

The comparator in the MAX171 is sensitive to high 
frequency noise in the analog power supplies (ISO 
V + , ISO V"). These supplies should be bypassed close 
to the device with 0.1//F and 10/uF capacitors with 
minimum lead length. If ISO V + is very noisy, a small 
resistor (10Q to 20fi) or inductor can be connected in 
series to form a low-pass filter with the by-pass ca- 
pacitors. The digital +5V supply (V cc ) should be 
bypassed to GND with 0.1/t/F for best performance. 

Internal Reference 

The MAX171's on-chip reference is laser-trimmed to 
-5.25V ±1%. The reference output is available at REF 
(Pin 5) as a reference source for other components 
and also drives the internal DAC. 

For minimum noise, REF must be bypassed with a 
47//F tantalum capacitor in parallel with a 0.1//F ceramic 
capacitor to maintain a low impedance at high fre- 
quencies (Figure 1). This capacitance also stabilizes 
the internal reference buffer amplifier preventing oscil- 
lations. No series resistance should be used between 
REF and the bypass capacitors. 

Driving the Analog Input 

The input signal leads to AIN and GND should be as 
short as possible to minimize noise pick-up. If the 
leads must be long use shielded cables to minimize 
noise pick-up. 

The input impedance at the AIN pin is typically 2.5kO. 
The amplifier driving AIN must have low enough DC 
output impedance for low gain error. Furthermore, 
low AC output impedance is also required since the 
analog input current is modulated at the clock rate 
during a conversion. The output impedance of the 
driving amplifier is reduced by the loop gain at the 
frequency of interest. With a maximum clock rate of 
2.5MHz, amplifiers like the OP-42, AD711, or OP-27 
are recommended. At a 1MHz clock rate, a MAX400 
or OP-07 can be used. 

LH17 Module Product Reliability 

For reliability data on Maxim's Module Product Line, 
consult factory for Reliability Report RR-4A. 
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Complete 10/lis CMOS 12-Bit ADC 

General Description 



Features 



The MAX172 is a complete 12-Bit analog-to-digital 
converter (ADC) that combines high speed, low power 
consumption, and an on-chip voltage reference. The 
conversion time is 10//S. The buried zener reference 
provides low drift and low noise performance. 

External component requirements are limited to only 
decoupling capacitors for the power supply and refer- 
ence voltages. On-chip clock circuitry is also included 
which can either be driven from an external source, 
or in stand-alone applications, can be used with a 
crystal. 

The MAX172 uses a standard microprocessor interface 
architecture. Three-state data outputs are controlled 
by Read (RD) and Chip Select (CS) inputs. Data 
access and bus release times of 90 and 75ns respec- 
tively ensure compatibility with most popular micro- 
processors without resorting to wait states. 



Digital Signal Processing (DSP) 
High Accuracy Process Control 
High Speed Data Acquisition 
Electro-Mechanical Systems 



Functional Diagram 
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♦ 12-Bit Resolution and Linearity 

♦ 10/us Conversion Time 

♦ No Missing Codes 

♦ On-Chip Voltage Reference 

♦ 90ns Access Time 

♦ 215mW Max Power Consumption 

♦ 24 -Lead Narrow DIP Package 

♦ Pin-for-Pin AD7572 Replacement 



Ordering Information 



PART 


TEMP. RANGE 


PACKAGE* 


ERROR 


MAX172ACNG 


0°C 


to 


+70° C 


Plastic DIP 


±54 


LSB 


MAX172BCNG 


o°c 


to 


+70° C 


Plastic DIP 


±1 


LSB 


MAX172ACWG 


o°c 


to 


+70° C 


Wide S.O. 


±54 


LSB 


MAX172BCWG 


o°c 


to 


+70° C 


Wide S O 


±1 


LSB 


MAX172CC/D 


o°c 


to 


+70° C 


Dice" 


±1 


LSB 


MAX172AING 


-25°C 


to 


+85° C 


Plastic DIP 


±V4 


LSB 


MAX172BING 


-25° C 


to 


+85° C 


Plastic DIP 


±1 


LSB 


MAX172AMRG 


-55° C 


to 


+ 125°C 


CERDIP 


±14 


LSB 


MAX172BMRG 


-55° C 


to 


+ 125°C 


CERDIP 


±1 


LSB 



All devices — 24 lead packages 
Consult factory lor dice specilications 



Pin Configuration 
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Complete 10/js CMOS 12-Bit ADC 



ABSOLUTE MAXIMUM RATINGS 

V DD to DGND -0.3V to +7V 

V ss to DGND +0 3V to -17V 



Operating Temperature Ranges 

MAX172XC 0°C to +70°C 

MAX172XI -25°C to +85°C 

MAX172XM -55°C to +125°C 

Storage Temperature Range -65°C to +160°C 

Power Dissipation (any Package) to +75° C 1000mW 

Derates Above +75°C by 10mW/°C 

Lead Temperature (Soldering 10 seconds) +300° C 



AIN to AGND -15V to +15V 

Digital Input Voltage to DGND -0 3V, V DD + 3V 

(Pins 17, 19-21) 
Digital Output Voltage to DGND -0.3V. V DD + 0.3V 

(pins 4-11. 13-16, 18, 22) 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device- These are stress ratings only, and 
functional operation ot the device at these or any other conditions above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum ratings conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS 

( Vqq = +5V + 5%, V ss = -12V or -15V ± 5%; Slow Memory Mode; T A = T MIN to T MAX unless otherwise noted, f CLK = 1 ,25MHz.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN TYP MAX 


UNITS 


ACCURACY 


Resolution 






12 


Bits 


Integral NonLinearity 


INL 


MAX172A 


T A = 25° C 


±1/2 


LSB 


MAX172AC/AI 

MAX172AM 

MAX172B 




±1/2 
±3/4 
±1 


Differential NonLinearity 


DNL 


Guaranteed Monotonic Over Temp 


±1 


LSB 


Offset Error (Note 1) 




MAX172B 


T A = 25° C 

Ta = T M | N to T MAX 


±4 

±6 


LSB 


MAX172A 


T A = 25° C 

Ta = T MIN ,0 ^MAX 


±3 
±4 


Full Scale Error (Note 2) 




MAX172B 


T A = 25° C 


- 15 


LSB 


MAX172A 


T A = 25° C 


±10 


Full Scale Tempco (Notes 3. 4) 






±45 


ppm/°C 


ANALOG INPUT 


Input Voltage Range 






5 


V 


Input Current 




AIN = 0V to +5V 


3.5 


mA 


INTERNAL REFERENCE 


V REF Output Voltage 




T A = 25° C 


-52 -525 -5.3 


V 


V REF Output Tempco (Note 5) 






40 


ppm/°C 


Output Current Sink Capability 




(Note 6) 


500 


pA 


LOGIC INPUTS 


Input Low Voltage 


V,l 


CS, RD, HBEN, CLKIN 


0.8 


V 


Input High Voltage 


V,H 


CS, RD, HBEN, CLKIN 


2.4 


V 


Input Capacitance (Note 7) 


0|N 


CS. RD, HBEN, CLKIN 


10 


PF 


Input Current 


l|N 


CS, RD, HBEN _ - „ 
CLKIN VIN " 10 W OD 


+ 10 
±20 


«lA 


LOGIC OUTPUTS 


Output Low Voltage 


Vol 


D11-D0/8, BUSY, CLKOUT l SINK = 1.6mA 


04 


V 


Output High Voltage 


Vqh 


D11-D0/8, BUSY, CLKOUT l SOURCE = 200^A 


4 


V 


Floating State Leakage 
Current 


'lkg 


D1 1-D0/8, V 0UT = 0V to V DD 


±10 


fA 


Floating State Output 
Capacitance (Note 7) 


Gout 




15 


pF 
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Complete 10/js CMOS 12-Bit ADC 



ELECTRICAL CHARACTERISTICS (Continued) 

( Vqq = +5V ± 5%, V ss = -12V or -15V ± 5%; Slow Memory Mode; T A = T MIN to T MAX unless otherwise noted, f CLK = 1.25MHz.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN TYP MAX 


UNITS 


CONVERSION TIME 


MAX172 


'cONV 


Synchronous (12.5 clock cycles) 
Asynchronous (12 to 13 clock cycles) 


10 

96 104 


fJS 


POWER SUPPLY REJECTION 


V D0 Only 




FS Change, V ss = -15V. V DD = 4.75V to 525V 


±1/2 


LSB 


V ss Only 




FS Change, V 0D = 5V, V ss = -5% to +5% 


+1/8 


LSB 


POWER REQUIREMENTS 


Vdd 




±5% for Specified Performance 


5 


V 


V ss (Note 8) 




±5% for Specified Performance 


-12 or -15 


V 


'do 




CS = RD = Vqq, AIN = 5V 


5 7 


mA 


'ss 




CS = RD = V DD , AIN = 5V 


8 12 


mA 


Power Dissipation 




V DD = + 5V, V ss = -15V 


145 215 


mW 



Note 1: Typical change over temp is +1 LSB. 

Note 2: V DD = +5V, V ss = -15V, FS = +5.000V, Ideal last code transition = FS - 3/2LSB. 

Note 3: Full Scale TC = AFS/AT. where AFS is full scale change from T A = 25°C to T U , N or T MAX . 

Note 4: includes internal reference drift. 

Note 5: V REF TC = AV HEF /AT, where AV ReF is reference voltage change from T A = 25° C to T U , N or T MAX . 

Note 6: Output current should not change during conversion. 

Note 7: Guaranteed by design, not subject to test. 

Note 8: Functional operation at V sg = -12V + 5% is guaranteed by testing offset error and full scale error 



TIMING CHARACTERISTICS (Note 9) 

(Vqq - *5V, V ss = -12V or -15V; T A = T M]N to T MAX unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


T A = 25° C 


MAX172C/I 


MAX172M 




MIN TYP MAX 


MIN MAX 


MIN MAX 


UNITS 


CS to RD Setup Time 


t, 













ns 


RD to BUSY Delay 


ti- 


C L = 50pF 


90 190 


230 


270 


ns 


Data Access Time (Note 10) 


ts 


C L = 20pF 
C L = 100pF 


60 90 
70 125 


110 
150 


120 
170 


ns 


RD Pulse Width 


u 






•3 






CS to RD Hold Time 


k 













ns 


Data Setup Time After BUSY 
Note (10) 


k 




70 


90 


100 


ns 


Bus Relinquish Time (Note 11) 


»7 




20 75 


20 85 


20 90 


ns 


HBEN to RD Setup Time 


t 8 













ns 


HBEN to RD Hold Time 


t9 













ns 


Delay Between Read Operations 


»1B 




200 


200 


200 


ns 



Note 9: Timing specifications are sample tested at 25°C to ensure compliance. All input control signals are specified with 

t, = t, = 5ns (10% to 90% of +5V) and timed from a voltage level of +1.6V. 
Note 10: t 3 and t 6 are measured with the load circuits of Figure 1 and defined as the time required for an output to cross 

8V or 2 4V. 

Note 11: t, is defined as the time required for the data lines to change 0.5V when loaded with the circuits of Figure 2. 



For additional information on using the MAX172 please refer to MAX162 data sheet. 
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Complete 5jjs CMOS 10-Bit A/D Converter 



General Description 

The MAX173 is a complete, 10-bit linear analog-to- 
digital converter (ADC) that combines high speed, low 
power consumption, and an on-chip voltage reference. 
The conversion time is 5/js. The buried zener reference 
provides low drift and low noise performance. 

External component requirements are limited to only 
decoupling capacitors for the power supply and refer- 
ence voltages. On-chip clock circuitry is also included 
which can either be driven from an external source, or 
in stand-alone applications, from a crystal. 

The MAX173 uses a standard microprocessor interface 
architecture. Three-state data_outputs are controlled 
by Read (RD) and Chip Select (CS) inputs. Data access 
and bus release times of 90ns and 75ns respectively 
ensure compatibility with most popular microproces- 
sors without resorting to wait states. 

Applications 



Digital Signal Processing (DSP) 
High Accuracy Process Control 
High Speed Data Acquisition 
Electro-Mechanical Systems 



Features 



♦ 12-Bit Resolution and 10-Bit Linearity 

♦ 5//s Conversion Time 

♦ On-Chip ±40ppm/°C Voltage Reference 

♦ 90ns Access Time 

♦ 2l5mW (Max) Power Consumption 

♦ 24-Lead Narrow DIP and Wide SO 



Ordering Information 



PART 


TEMP. RANGE 


PACKAGE* 


MAX173CNG 


0°Cto +70° C 


Plastic DIP 


MAX173CWG 


o°cto +70° c 


Wide SO 


MAX173C/D 


0°Cto+70°C 


Dice** 


MAX173ENG 


-40°Cto +85° C 


Plastic DIP 


MAX173EWG 


-40°Cto +85° C 


Wide SO 


MAX173MRG 


-55°Cto+125°C 


CERDIP 



All devices — 24 lead packages 
Consult factory for dice specifications. 



Functional Diagram 
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Pin Configurations 
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Complete 5//s CMOS 10-Bit A/D Converter 



ABSOLUTE MAXIMUM RATINGS 

^ VootoDGND -0.3Vto+7V 

VsstoDGND +0.3VtO-17V 

AGND to DGND -0.3V, Vdd + 0.3V 

AINtoAGND -15Vto+15V 

Digital Input Voltage to DGND -0.3V, V D d + 3V 

(Pins 17, 19-21) 

Digital Output Voltage to DGND -0.3V, V D o + 0.3V 

(Pins 4-11, 13-16, 18, 22) 



Operating Temperature Ranges 

MAX173XC 0°Cto+70°C 

MAX173XE -40°CtO+85°C 

MAX173XM -55°Ct0+125°C 

Storage Temperature Range -65°C to +160°C 

Power Dissipation (any Package) to +75° C 1000mW 

Derates Above +75° C by 10mW/°C 

Lead Temperature (Soldering 10 seconds) +300° C 



Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS 



(Vdd = + 5V ± 5%, Vss = -12V or -15V ± 5%; Slow Memory Mode; T A = T M in to T MA x unless otherwise noted, f C L« = 2.5MHz.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN TYP MAX 


UNITS 


ACCURACY 


Resolution 






12 


Bits 


No Missing Code Resolution 






10 


Bits 


Integral Non-Linearity 


INL 




±0.05 


%FSR 


Offset Error (Note 1) 






±5 


mV 


Full Scale Error (Note 2) 






±0.4 


% 


Full Scale Tempco (Notes 3, 4) 






±45 


ppm/°C 


ANALOG INPUT 


Input Voltage Range 






5 


V 


Input Current 




AIN = 0VtO +5V 


3.5 


mA 


INTERNAL REFERENCE 


Vref Output Voltage 




T A = 25°C 


-5.2 -5.25 -5.3 


V 


Vref Output Tempco (Note 5) 






±40 


ppm/°C 


Output Current Sink Capability 




(Note 6) 


5 


mA 


LOGIC INPUTS 


Input Low Voltage 


V,L 


CS, RD, HBEN, CLKIN 


0.8 


V 


Input High Voltage 


VlH 


CS, RD, HBEN, CLKIN 


2.4 


V 


Input Capacitance (Note 7) 


C|N 


CS RD, HBEN, CLKIN 


10 


pF 


Input Current 


■in 


CS, RD, HBEN . .... _ n . 
CLKIN VIN-OIoVdd 


±10 
±20 


„A 


LOGIC OUTPUTS 


Output Low Voltage 


Vol 


D11-D0/8, BUSY, CLKOUT l S i NK = 1.6 mA 


0.4 


V 


Output High Voltage 


Voh 


D11-D0/8, BUSY, CLKOUT Isource = 200/jA 


4 


V 


Floating State Leakage 
Current 


LkG 


D11-D0/8, Vqut = 0V to V DD 


±10 




Floating State Output 
Capacitance (Note 7) 


CoUT 




15 


pF 


CONVERSION TIME 


MAX173 


tcONV 


Synchronous (12.5 clock cycles) 
Asynchronous (12 to 13 clock cycles) 


5 

4.8 5.2 


//s 



Complete 5jus CMOS 10-Bit A/D Converter 



ELECTRICAL CHARACTERISTICS (continued) 

(Vdd = +5V ± 5%, Vss = -12V or -15V ± 5%; Slow Memory Mode; T A = T M | N to T MAX unless otherwise noted, fci_K = 2.5MHz.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN TYP MAX 


UNITS 


POWER SUPPLY REJECTION 


Vdd Only 




FS Change, V ss = -15V, Vdd = 4.75V to 5.25V 


+0.01 


% 


V S s Only 




FS Change, Vdd = 5V, V ss = -5% to +5% 


±0.01 


% 


POWER REQUIREMENTS 


Vdd 




+5% for Specified Performance 


5 


V 


V SS (Note 8) 




±5% for Specified Performance 


-12 or -15 


V 


Idd 




CS = RD = V DD , AIN = 5V 


5 7 


mA 


Iss 




CS = RD = Vdd, AIN = 5V 


8 12 


mA 


Power Dissipation 




V DD = +5V, Vss = -15V 


145 215 


mW 



Notel: Typical change over temp is +1.2mV 

Note 2: Vdd = +5V, V ss = -15V, FS = +5.000V. Ideal last code transition = FS - 1.8mV. 

Note 3: Full Scale TC = AFS/AT, where AFS is full scale change from T A = 25°C to Tmin or T M ax- 

Note 4: Includes internal reference drift. 

Note 5: Vref TC = AVref/AT, where AV RE f is reference voltage change from T A = 25° C to Tmin or Tm A x- 

Note 6: Output current should not change during conversion. 

Note 7: Guaranteed by design, not subject to test. 

Note 8: Functional operation at V S s = -12V ± 5% is guaranteed by testing offset error and full scale error. 



TIMING CHARACTERISTICS (Note 9) (See MAX162 data sheet for t r t 10 description) 

(Vdd = +5V, V S s = -12V or -15V; T A = T M | N to T MA x, specifications in bold type are 100% tested, others are guaranteed 
by design, unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


T A = 25°C 


MAX173C/E 


MAX173M 


UNITS 


MIN TYP MAX 


MIN MAX 


MIN MAX 


CS to RD Setup Time 


h 













ns 


RD to BUSY Delay (Note 12) 


ta 


C L = 50pF 


90 190 


230 


270 


ns 


Data Access Time (Note 10) 


t 3 


C L = 20pF 


60 90 


110 


120 


ns 


Data Access Time (Notes 10, 12) 


t3 


C L = 100pF 


70 125 


150 


170 


ns 


RD Pulse Width 


u 




is 


t3 


t3 




CS to RD Hold Time 


ts 













ns 


Data Setup Time After BUSY 
(Notes 10, 12) 


k 




80 


105 


120 


ns 


Bus Relinquish Time (Notes 11, 12) 


t7 




75 


85 


90 


ns 


HBEN to RD Setup Time 


ts 













ns 


HBEN to RD Hold Time 


t 9 













ns 


Delay Between Read Operations 






200 


200 


200 


ns 



Note 9: All input control signals are specified with ti = t, = 5ns (10% to 90% of +5V) and timed from a voltage level of +1.6V. 
Note 10: t 3 and t 6 are measured with the load circuits of Figure 1 (see MAX162 data sheet) and defined as the time required for an output 
to cross 0.8V or 2.4V. 

Note 11: t 7 is defined as the time required for the data lines to change 0.5V when loaded with the circuits of Figure 2 (see MAX162 data 
sheet). 

Note 12: This specification is 100% production tested. 



For additional information on using the MAX173 please refer to MAX162 data sheet. 



Complete 5/js CMOS 10-Bit A/D Converter 
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12-Bit A/D Converters 



General Description 

The MAX 174 and the MX574A/MX674A are complete 
12-bit analog-to-digital converters (ADCs) that combine 
high speed, low-power consumption, and on-chip clock 
and voltage reference. The maximum conversion times 
are 8ns (MAX174), 15ns (MX674A) and 25ns (MX574A). 
Maxim's BiCMOS construction reduces power dissipa- 
tion 3 times (150mW) over comparable devices. The 
internal buried zener reference provides low-drift and 
low-noise performance. External component require- 
ments are limited to only decoupling capacitors and fixed 
resistors. The versatile analog input structure allows for 
OV to + 10V or 0V to +20V unipolar or ±5V or ±10V bipolar 
input ranges with pin strapping. 

The MAX174/MX574A/MX674A use standard micropro- 
cessor interface architectures and can be interfaced to 
8-, 12- and 16-bit _wide buses. Three-state data outputs 
are controlled by CS, CE and R/C logic inputs. 

Applications 



Digital Signal Processing 
High-Accuracy Process Control 
High-Speed Data Acquisition 
Electro-Mechanical Systems 



Pin Configurations 



TOP VIEW 






V L (T 


• 


iTJSTS 


12/8 [T 




27] mi 


cs[T 




m dio 


AO [7 




25] D9 


R/C \J 
CE [F 

VCC [7 


yi»t^ixi>M 

MAX174 
MX574A 
MX674A 


24] D8 
23] 07 
22] D6 


REFOUT [jf 




gTJ 05 


AGNO |jT 




20] D4 


REFIN [To 




TJ] D3 


vee[iT 




TJ] D2 


BIPOFF [TJ 




TJj D1 


10VIN [J 




TJ] DO 


20VIN \U 




TJ] DGND 




DIP/SO 




Pin Configurations continued on page 15. 





Features 



♦ Complete ADC with Reference and Clock 
4 12-Bit Resolution and Linearity 

♦ No Missing Codes Over Temperature 

♦ l50mW Power Dissipation 

♦ 8ns (MAX174), 15ns (MX674A) and 25ns 
(MX574A) Max Conversion Times 

♦ Precision Low TC Reference: 10ppm/*C 

♦ Monolithic BiCMOS Construction 

♦ 150ns Maximum Data Access Time 

Ordering Information 



PART 


PIN-PACKAGE 


LINEARITY 

(LSBs) 


TEMPCO 

(ppm/'C) 


8ns 


Maximum Conversion Time 




TEMP. RANGE: 


0C to +70C 






MAX 1 74ACPI 


28 Plastic DIP 


1/2 


10 


MAX174BCPI 


28 Plastic DIP 


1/2 


27 


MAX1 74CCPI 


28 Plastic DIP 


1 


50 


MAX174ACWI 


28 Wide SO 


1/2 


10 


MAX174BCWI 


28 Wide SO 


1/2 


27 


MAX1 74CCWI 


28 Wide SO 


1 


50 


MAX174BC/D 


Dice* 


1/2 





'Consul) factory for dice specifications. 
Ordering information continued on page 1-116. 



Functional Diagram 



VL DGND VCC VEE BIPOFF 10VIN 20VIN 



REFIN 1 

AGND 
REFOUT 4 




LOW MIDDLE HIGH 

NIBBLE NIBBLE NIBBLE 



CLOCK 
AND 
CONTROL 
LOGIC 



■i 12/8 

- CS 

- AO 



1 16 I 19 ' 20 .. I 23 I 24... I 27 ■ 28 ' 6 ■ 5_ 
00 D3 D4 D7 D8 011 STS CE R/C 



/VI/'JXIv'H 

/w/\-A\^n is a registered trademark of Maxim Integrated Products. 
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ABSOLUTE MAXIMUM RATINGS 

VcCtoDGND 0Vto+16.5V 

Vee to DGND OV to -16.5V 

Vl to DGND 0Vto+7V 

DGND to AGND + 1V 

Control Inputs to DGND ^ -0.3V to Vcc +0.3V 

(CE, CS, AO, 12/8, R/C) 
Digital Output Voltage to DGND -0.3V, Vl +0.3V 

(DB11-DB0, STS) 
Analog Inputs to AGND ±16. 5V 

(REFIN, BIPOFF, 10Vin) 

Stresses beyond those listed under 'Absolute Maximum Ratings ' may cause permanent damage to the device. These are stress ratings only, and functional 
operation ol the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability- 



ELECTRICAL CHARACTERISTICS - MAX174 

(Vl = +5V, Vcc = +15V or + 12V, V E e = -15V or -12V; T A = +25*C, unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN TYP MAX 


UNITS 


ACCURACY 


Resolution 


RES 




12 


Bits 


Integral Nonlinearity 


INL 


Ta = +25"C 


MAX174A/B 
MAX174C 


±1/2 
±1 


LSB 


Ta = Tmin 
to Tmax 


MAX174AC/BC 

MAX 1 74AE/BE/AM/BM 

MAX174C 


±1/2 
±3/4 
±1 


Differential Nonlinearity 


DNL 


12 bits, no missing codes over temp 


±1 


LSB 


Unipolar Offset Error 
(Note 1) 




MAX 1 74A/B 
MAX174C 


±1 
±2 


LSB 


Bipolar Offset Error 
(Notes 2, 3) 




MAX174A 
MAX174B/C 


±2 
±4 


LSB 


Full-Scale Calibration Error 
(Note 3) 






±0.25 


% 


TEMPERATURE COEFFICIENTS (Using Internal Reference, Notes 2, 3, 4) 


Unipolar Offset Change 




MAX 1 74A/B 
MAX174C 


±1 

±2 


LSB 


Bipolar Offset Change 




MAX174AC/BC 
MAX174CC 


±1 
±2 


LSB 


MAX1 74AE/AM 
MAX1 74BE/BM 
MAX174CE/CM 


±1 
±2 
±4 



Note 1 : Adjustable to zero. 

Note 2: With 50Q fixed resistor from REFOUT to BIPOFF Adjustable to zero. 

Note 3: With 50n fixed resistor from REFOUT to REFIN. Adjustable to zero. 

Note 4: Maximum change in specification from Ta = +25'C to Tmin or Ta = +25"C to Tmax. 

Note 5: External load current should not change during a conversion. For±12V supply operation. REFOUT need not be buffered except 
when external load in addition to REFIN and BIPOFF inputs have to be driven. 



20V|N to AGND ±24V 

REFOUT Indefinite short to VCC or AGND 

Power Dissipation (any package) to +75"C 1000mW 

Derates Above +75'C by 10mW/"C 

Operating Temperature Ranges: 

MAX1 74_C, MX_74AJ/K/L 0"C to +70'C 

MAX174_E, MX_74AJE/KE/LE -40"C to +85 - C 

MAX174JVI, MX_74AS/T/U -55'C to +125"C 

Storage Temperature Range -65°C to +160 C 

Lead Temperature (Soldering, 10 sec.) +300" C 
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ELECTRICAL CHARACTERISTICS - MAX174 (continued) 

(V L = +5V, V C c = +15V or +12V, Vee = -15V or -12V; Ta = +25"C, unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN TYP MAX 


UNITS 


Full-Scale Calibration Change 




MAX 174 AC 


+2 
(101 


LSB 
(PPm/'C) 


MAX174BC 


±5 
(271 


MAX174CC 


±9 

(50) 


MAX174AE 


+5 

(19) 


MAX174BE 


±10 
(38) 


MAX174CE 


±20 
(75) 


MAX174AM 


±5 
(12) 


MAX174BM 


±10 
(25) 


MAX174CM 


±20 
(50) 


INTERNAL REFERENCE 


Output Voltage 




No Load 


MAX174A 
MAX174B/C 


9.98 10.00 10.02 
9.97 10.00 10.03 


V 


Output Current (Note 5) 




Available for external loads, in addition to 
REFIN and BIPOFF load 


2 


mA 


ELECTRICAL CHARACTERISTICS - MX574A, MX674A 

(V L = +5V, Vcc = +15V or +12V, Vee = -15V or -12V; Ta = +25'C, unless otherwise noted.) 


PARAMETER SYMBOL 


CONDITIONS MIN TYP MAX UNITS 


ACCURACY 


Resolution 


RES 




12 


Bits 


Integral Nonlinearity 


INL 


Ta = 
+25°C 


MX574AK/L/T/U , 
MX674AK/L/T/U 
MX574AJ/S, MX674AJ/S 


±1/2 
±1 


LSB 


Ta = Tmin 
to Tmax 


MX574AK/L, MX674AK/L 
MX574AT/U/KE/LE 
MX674AT/U/KE/LE 
MX574AJ/S, MX674AJ/S 


±1/2 
±3/4 
±3/4 
±1 


Differential Nonlinearity 


DNL 


12 bits, no missing codes over temp 


±1 


LSB 
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ELECTRICAL CHARACTERISTICS - MX574A, MX674A (continued) 

(V L = +5V, Vcc = +15V or +12V, Vee = -15V or -12V; T A = +25°C, unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Unipolar Offset Error 
(Notel) 




MX574AK/L/T/U, MX674AK/L/T/U 
MX574AJ/S, MX674AJ/S 


±1 
±2 


LSB 


Bipolar Offset Error 
(Notes 2. 3) 




MX574AL/U. MX674AL/U 
MX574AJ/K/S/T. MX674AJ/K/S/T 


±2 
±4 


LSB 


Full-Scale Calibration Error 
(Note 3) 




MX574AL/U 

MX574AJ/K/S/T, MX674A 


±0.125 
±0.25 


% 


TEMPERATURE COEFFICIENTS (Using 


Internal Reference, Notes 2, 3, 4) 










Unipolar Offset Change 




MAO/^MtvL; I /U, IVIAD/ 4Mr\/L/ I /U 

MX574AJ/S. MX674AJ/S 


±1 
±2 


LSB 






IVIAD/ ^MtN/L, MAO/ ^MJa/L 

MX574AJ, MX674AJ 


±1 
±2 




Bipolar Offset Change 




MYR7zlAI l/l F MYR7AAI l/l F 
IVI AO/ 4AU/LC, IVIAD / 

MX574AT/KE, MX674AT/KE 
MX574AS/JE. MX674AS/JE 


±1 

±2 
±4 


LSB 






MX574AL. MX674AL 


±2 
(10) 








MX574AK, MX674AK 


±5 
(27) 








MX574AJ, MX674AJ 


±9 
(50) 








MX574ALE, MX674ALE 


±5 
(19) 




Full-Scale Calibration Change 




MX574AKE, MX674AKE 


±10 
(38) 


LSB 
(ppmfC) 






MX574AJE, MX674AJE 


±20 
(75) 








MX574AU, MX674AU 


±5 
(12) 








MX574AT. MX674AT 


±10 
(25) 








MX574AS, MX674AS 


±20 
(50) 




INTERNAL REFERENCE 


Output Voltage 




No Load 


MX574AL/U 

MX574AJ/K/S7T, MX674AL/U 
MX674AJ/K/S/T 


9.99 
9.98 
9.97 


10.00 
10.00 
10.00 


10.01 
10.02 
10.03 


V 


Output Current (Note 5) 




Available for external loads, in addition to 
REFIN and BIPOFF load 


2 


mA 



Note 1 : Adjustable to zero. 

Note 2: With 50Q fixed resistor from REFOUT to BIPOFF. Adjustable to zero. 

Note 3: With 50C2 fixed resistor from REFOUT to REFIN. Adjustable to zero. 

Note 4: Maximum change in specification from Ta = +25°C to Tmin or Ta = +25'C to Tmax. 

Note 5: External load current should not change during a conversion. For ±12V supply operation, REFOUT need not be buffered except 
when external load in addition to REFIN and BIPOFF inputs have to be driven. 
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ELECTRICAL CHARACTERISTICS - M AX1 74/MX574 A/MX674A 

(V L = +5V. Vcc = + 15V or + 12V. V e e = -15V or -12V: Ta = +25°C, unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN TYP MAX 


UNITS 


ANALOG INPUT 


Bipolar Input Range 




Using 10V Input 


±5 


V 


Using 20V Input 


±10 


Unipolar Input Range 




Using 10V Input 


+10 


V 


Using 20V Input 


+20 


Input Impedance 




10V Input 


3 5 7 


k£J 


20V Input 


6 10 14 


POWER-SUPPLY REJECTION (Max change in Full-Scale Calibration) 


Vcc Only 




+ 15V±1.5V 
or 

+ 12V+0.6V 


MAX174A/B, MX_74AK/L/TU 


±1/8 ±1 


LSB 


MAX174C, MX_74AJ/S 


±1/8 ±2 


Vee Only 


-15V±1.5V or-12V±0.6V 


±1/8 ±1/2 


Vi Only 




+5V ±0.5V 


±1/8 ±1/2 


LOGIC INPUTS 


Input Low Voltage 


VlL 


CS, CE, R/C, AO, 12/8 


0.8 


V 


Input High Voltage 


VlH 


CS, CE, R/C, AO, 12/8 


2.0 


V 


Input Current 


l|N 


CS, CE, R/C, AO, 12/8, Vin = to Vl 


±5 


uA 


Input Capacitance 


ClN 


CS, CE, R/C, AO, 12/8 


7 


pF 


LOGIC OUTPUTS 


Output Low Voltage 


VOL 


DB11-DB0. 
STS 


Isink = 1 6mA 


0.4 


V 


Output High Voltage 


VOH 


DB11-DB0, 
STS 


ISOURCE = 500uA 


4 


V 


Floating State Leakage 
Current 


ILKG 


DB11-DB0. 
STS 


Vqut = to Vl 


±10 


uA 


Floating State Output 
Capacitance 


COUT 


DB11-DB0 


8 


PF 


CONVERSION TIME 


12-Bit Cycle 


tCONV 


MX574A 


15 20 25 


us 


MX674A 


9 12 15 


MAX 174 


6 7 8 


8-Bit Cycle 


tCONV 


MX574A 


10 14 18 


us 


MX674A 


6 8 11 


MAX174 


4 5 6 


POWER REQUIREMENTS 


VCC Operating Range 






11.4 16.5 


V 


VL Operating Range 






4.5 5.5 


V 


VEE Operating Range 






-11.4 -16.5 


V 


VCC Supply Current (Note 5) 


ice 




3 5 


mA 


VL Supply Current (Note 5) 


lL . 




3 8 


mA 


VEE Supply Current (Note 5) 


lEE 




6 10 


mA 


Power Dissipation (Note 5) 


PO 


Vcc = +15Vand Vee = -15V 


150 265 


mW 



1-107 
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TIMING CHARACTERISTICS - M AX1 74/MX574A/MX674A (Note 6) 

(V L = +5V. Vcc = +15V or+12V. V EE = -15V or -12V) 



PARAMETER 


SYMBOL 


CONDITIONS 


Ta 


= +25C 


T A = -40C to +85C 
T A = O'C to +70 C 


Ta = -5! 


> Cto +125 C 


UNITS 








MIN 


TYP 


MAX 


MIN 


MAX 


MIN 


MAX 




CONVERT START TIMING - FULL CONTROL MODE 


STS Delay from CE 


tDSC 


Cl = 50pF 




100 


200 


250 


320 


ns 


CE Pulse Width 


tHEC 




50 


15 




50 


50 


ns 


CS to CE Setup 


tssc 




50 


50 


50 


ns 


CS Low During CE High 


tHSC 




50 


50 


50 


ns 


R/C to CE Setup 


tSRC 




50 


50 


50 


ns 


R/C Low During CE High 


tHRC 




50 


50 


50 


ns 


AO to CE Setup 


tSAC 













ns 


AO Valid During CE High 


tHAC 




50 


50 


50 


ns 


READ TIMING - FULL CONTROL MODE 


Access Time (from CE) 


tDD 


Cl= 100pF 




60 


120 


150 


200 


ns 


Data Valid after CE Low 


tHD 




25 


40 




20 


15 


ns 


Output Float Delay 


tHL 




75 


100 


120 


ns 


CS to CE Setup 


tSSR 




50 


50 


50 


ns 


R/C to CE Setup 


tSRR 













ns 


AO to CE Setup 


tSAR 




50 


50 


50 


ns 


CS Valid After CE Low 


tHSR 













ns 


R/C High After CE Low 


tHRR 













ns 


AO Valid After CE Low 


tHAR 

















ns 


STAND-ALONE MODE 


Low R/C Pulse Width 


tHRL 




50 


15 




50 


50 


ns 


STS Delay from R/C 


tDS 






115 


200 


250 


320 


ns 


Data Valid After R/C Low 


tHDR 




25 


40 




20 


15 


ns 


STS Delay After Data 
Valid 




MX574A 


300 


600 


1000 


300 


1000 


300 


1000 




tHS 


MX674A 


30 


320 


600 


30 


600 


30 


600 


ns 




MAX174 


30 


140 


300 


30 


300 


30 


400 




High R/C Pulse Width 


tHRH 




150 


150 


200 


ns 


Data Access Time 


tDDR 


Cl= 100pF 




60 


120 


150 


200 


ns 



Note 6: Timing specifications guaranteed by design. All input control signals specified with tr = tf = 5ns (10% to 90% of +5V) and 
timed from a voltage level of +1.6V. See loading circuits in Figures 1 and 2. 
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♦5V 



DN - 



I 



100pF 



HIGH-Z TO LOGIC 1 



=t 100pF 



HIGH-Z TO LOGIC 



Figure 7. Load Circuit for Access Time Test 

Pin Description 



PIN # 


NAME 


FUNCTION 


1 


Vl 


Logic Supply, +5V 


2 


12/8 


Data Mode Select Input 


J 


L-c 


Chip-Select Input. Must be low to se- 
lect device. 


4 


AO 


Byte Address/Short Cycle Input. When 
starting a conversion, controls number 
of bits converted (low = 12 bits, high = 
8 bits). When reading data, if 12/8 = 
low, enables low byte (AO = high) or 
high byte (AO = low). 


5 


R/C 


Read/Convert Input. When high, the 
device will be in the data-read mode. 
When low, the device will be in the 
conversion start mode. 


6 


CE 


Chip-Enable Input. Must be high to 
select device. 


7 


VCC 


+ 12V or +15V Supply 


8 


REFOUT 


+ 1 0V Reference Output 


9 


AGND 


Analog Ground 


10 


REFIN 


Reference Input 


11 


VEE 


-12V or -15V Supply 


12 


BIPOFF 


Bipolar Offset Input. Connect to 
REFOUT for bipolar input range. 


13 


10Vin 


10V Span Input 


14 


20V| N 


20V Span Input 


15 


DGND 


Digital Ground 


16-27 


D0-D11 


Three-State Data Outputs 


28 


STS 


Status Output 



♦5V 



ON - 



T 

I 



10pF 



LOGIC 1 TO HIGH-Z 



10pF 



LOGIC TO HIGH-Z 



Figure 2. Load Circuit for Output Float Delay Test 

Converter Operation 

The MAX174/MX574A/MX674A use a successive 
approximation technique to convert an unknown 
analog input to a 12-bit digital output code. The 
control logic provides easy interface to most mi- 
croprocessors. Most applications require only a 
few external passive components to perform the 
analog-to-digital (A/D) function. 

The internal voltage output DAC is controlled by a Suc- 
cessive Approximation Register (SAR) and has an output 
impedance of 2.5k£2. The analog input is connected to 
the DAC output with a 5k£i resistor for the 10V input and 
10kC2 resistor for the 20V input. The comparator is es- 
sentially a zero crossing detector, and its output is fed 
back to the SAR input. 

The SAR is set to half scale as soon as a conversion starts. 
The analog input is compared to 1/2 of the full-scale 
voltage. The bit is kept if the analog input is greater than 
half scale or dropped if smaller. The next bit, bit 10, is 
then set with the DAC output either at 1/4 scale, if the 
Most Significant Bit (MSB) is dropped, or 3/4 scale if the 
MSB is kept. The conversion continues in this manner 
until the Least Significant Bit (LSB) is tried. At the end of 
the conversion, the SAR output is latched into the output 
buffers. 

Digital Interface 

CE, CS, and R/C control the operation of the 
MAX174/MX574A/MX674A. While both CE and CS are 
asserted, the state of R/C selects whether a conversion 
(R/C = 0) or a data read (R/C = 1) is in progress. The 
register control inputs, 12/8 and AO, select the data 
format and conversion length. AO is usually tied to the 
LSB of the address bus. To perform a full 12-bit conver- 
sion, set AO low during a convert start. For a shorter 8-bit 
conversion, AO must be high during a convert start. 
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Figure 3. Analog Equivalent Circuit 
Table 1. Truth Table 



CE 


CS 


R/C 


12/8 


AO 


OPERATION 





X 


X 


X 


X 


None 


X 


1 


X 


X 


X 


None 










X 





Initiate 12-bit 
conversion 










X 


1 


Initiate 8-bit 
conversion 







1 


1 


X 


Enable 12-bit 
parallel output 







1 








Enable 8MSBs 







1 





1 


Enable 4LSBS 
+ 4 trailing Os 



Output Data Format 

During a data read, AO also selects whether the three- 
state buffers contain the 8MSBs (AO = 0) or the 4LSBs 
(AO = 1) of the digital result. The 4LSBs are followed by 
4 trailing 0s. 

Output data is formatted according to the 12/8 pin. If this 
input is low, the output will be a word broken into two 
8-bit bytes. This allows direct interface to 8-bit buses 
without the need for external three-state buffers. If 12/8 
is high, the output will be one 12-bit word. AO can 
change state while a data-read operation is in effect. 

To begin a conversion, the microprocessor must write to 
the ADC address. Then, since a conversion usually takes 
longer than a single clock cycle, the microprocessor must 
wait for the ADC to complete the conversion. Valid data 
will be made available only at the end of the conversion, 
which is indicated by STS. STS can be either polled or 
used to generate an interrupt upon completion. Or, the 
microprocessor can be kept idle by inserting the appro- 



priate number of No OPeration (NOP) instructions be- 
tween the conversion-start and data-read commands. 

After the conversion is completed, data can be obtained 
by the microprocessor. The ADCs have the required 
logic for 8-, 12- and_16-bit bus interfacing, which is 
determined by the 12/8 input. If 12/8 is high, the ADCs 
are configured for a 16-bit bus. Data lines D0-D11 may 
be connected to the bus as either the 12MSBs or the 
1 2LSBs. The other 4 bits must be masked out in software. 

For 8-bit bus operation, 12/8 is set low. The format is left 
justified, and the even address, AO low, contains the 
8MSBs. The odd address, AO high, contains the 4LSBs, 
which is followed by 4 trailing 0s. There is no need to use 
a software mask when the ADCs are connected to an 
8-bit bus. 

Note that the output cannot be forced to a right-justified 
format by rearranging the data lines on the 8-bit bus 
interface. 
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Table 2. MAX174/MX574A/MX674A Data Format for 
8-Bit Bus 





D7 


D6 


D5 


D4 


D3 


D2 


D1 


DO 


High Byte 
(AO = 0) 


MSB 


D10 


D9 


D8 


D7 


D6 


D5 


D4 


Low Byte 
(A0= 1) 


D3 


D2 


D1 


DO 

















27 (MSB) 




26(D10) 




25 (09) 


MAX174 


24 (D8) 


MX574A 


23 (D7) 


MX6/4A 


22 (D6) 




21 (D5) 




20 (D4) 




19 (D3) 




18 (D2) 




17(D1) 




16 (LSB) 



HARDWIRING FOR 8-B!T DATA BUSES 



Convert Start Timing - Full Control Mode 

R/C must be low before asserting both CE and CS. If it 
is high, a brief read operation occurs possibly resulting 
in system bus contention. To initiate a conversion, use 
either CE or CS. CE is recommended since it is shorter 
by one propagation delay than CS and is the faster input 
of the two. CE is used to begin the conversion in Figure 4. 

Once STS goes high, signaling that a conversion has 
started, all convert start commands will have no effect 
until the conversion is finished. Also, the output data 
buffers cannot be enabled during a conversion. 

Read Timing - Full Control Mode 

Figure 5 illustrates the read-cycle timing. While reading, 
data, access time is measured from when CE_and R/C 
are both high . Access time is extended 1 0ns if CS is used 
to initiate a read. 

Stand-Alone Operation 

For systems which do not use or require full bus interfac- 
ing, the MAX174/MX574A/MX674A can be operated in a 
stand-alone mode directly linked through Dedicated 
input ports. 
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Figure 4. Convert Start Timing 
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Figure 5. Read Timing 
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Figure 6. Low Pulse lor R/C in Stand-Alone Mode 




Figure 7. High Pulse for R/C in Stand-Alone Mode 

When configured^ in the stand-alone mode, conversion is 
controlled by R/C. In addition, CS and AO are wired low; 
CE and 12/8 are wired high. To enable the three-state 
buffers, set R/C low. A conversion starts when R/C is set 
high. This allows either a high- or a low-pulse control 
signal. Shown in Figure 6 is the operation with a low 
pulse. In this mode, the outputs, in response to the 
falling edge of R/C, are forced into the high impedance 
state and return to valid logic levels after the conversion 
is complete. The STS output goes high following R/C 
falling edge and returns low when the conversion is 
complete. 

A high-pulse conversion initiation is illustrated in Figure 7. 
When R/C is high, the data lines are enabled. The next 
conversion starts with the falling edge of R/C. The data 
lines return and remain "high impedance state" until 
another R/C high pulse. 
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Figure S. Power-Supply Grounding Practice 

Analog Considerations 

Application Hints 

Physical Layout 

For best system performance, printed circuit boards 
should be used for the MAX174/MX574A/MX674A. Wire- 
wrap boards are not recommended. The layout of the 
board should ensure that digital and analog signal lines 
are kept separated from each other as much as possible. 
Care should be taken not to run analog and digital lines 
parallel to each other or digital lines underneath the 
MAX 1 74/MX574A/MX674A. 

Grounding 

The recommended power-supply grounding practice is 
shown in Figure 8. The ground reference point for the 
on-chip reference is AGND. It should be connected 
directly to the analog reference point of the system. The 
analog and digital grounds should be connected to- 
gether at the package in order to gain all of the accuracy 
possible from the MAX1 74/MX574A/MX674A in high dig- 
ital noise environments. In situations permitting, they can 
be connected to the most accesssible ground reference 
point. The preference is analog power return. 

Power-Supply Bypassing 

The MAX174/MX574A/MX674A power supplies must be 
filtered, well regulated, and free from high-frequency 
noise, or unstable output codes will result. Unless great 
care is taken in filtering any switching spikes present in 
the output, switching power supplies is not suggested for 
applications requiring 12-bit resolution. Take note that a 
few millivolts of noise converts to several error counts in 
a 12-bit ADC. 
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Figure 9. Power-Supply Bypassing 

All power-supply pins should use supply decoupling 
capacitors connected with short lead length to the pins, 
as shown in Figure 9. The Vcc and Vee pins should be 
decoupled directly to AGND. A 4.7(iF tantalum type in 
parallel with a 0.1|iF disc ceramic type is a suitable 
decoupling. 

Internal Reference 

The MAX174/MX574A/MX674A have an internal buried 
zener reference that provides a 10V, low-noise and low- 
temperature drift output. An external reference voltage 
can also be used for the ADC. When using ±15V sup- 
plies, the internal reference can source up to 2mA in 



addition to the BIPOFF and REFIN inputs over the entire 
operating temperature range. With +12V supplies, the 
reference can drive the BIPOFF and REFIN inputs over 
temperature, but it CANNOT drive an additional load. 

Driving the Analog Input 

The input leads to AGND and 10Vin or 20Vin should be 
as short as possible to minimize noise pick up. If long 
leads are needed, use shielded cables. 

When using the 20Vin as the analog input, load capaci- 
tance on the 10Vin pin must be minimized. Especially on 
the faster MAX1 74, leave the 1 OVin pin open to minimize 
capacitance and to prevent linearity errors caused by 
inadequate settling time. 

The amplifier driving the analog input must have low 
enough DC output impedance for low full-scale error. 
Furthermore, low AC output impedance is also required 
since the analog input current is modulated at the clock 
rate during the conversion. The output impedance of an 
amplifier is the open-loop output impedance divided by 
the loop gain at the frequency of interest. 

MX574A and MX674A - The approximate internal clock 
rate is 600kHz and 1 MHz respectively, and amplifiers like 
the MAX400 can be used to drive the input. 

MAX174 - The internal clock rate is 2MHz and faster 
amplifiers like the OP-27, AD71 1 or OP-42 are required. 

Track-and-Hold Interface 

The analog input to the ADC must be stable to within 
1/2LSB during the entire conversion for specified 12-bit 
accuracy. This limits the input signal bandwidth to a 
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Figure 10. MX574A/MX674A to AD585 Sample-and-Hold Interface 
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Figure 1 1. MAX174 to HA5320 Sample-and-Hold Interface 

couple of hertz for sinusoidal inputs even with the faster 
MAX1 74. For higher bandwidth signals, a track-and-hold 
amplifier should be used. 

The STS output may be used to provide the Hold signal 
to the track-and-hold amplifier. However, since the A/D's 
DAC is switched at approximately the same time as the 
conversion is initiated, the switching transients at the 
output of the T/H caused by the DAC switching may result 
in code dependent errors. It is recommended that the 
Hold signal to the T/H amplifier precede a conversion or 
be coincident with the conversion start. 

The first bit decision by the A/D is made approximately 
1 .5 clock cycles after the start of the conversion. This is 
2.5ns, 1.5(is and 0.8lis for the MX574A, MX674A, and 
MAX1 74 respectively. The T/H hold settling time must be 
less than this time. For the MX574A and MX674A, the 
AD585 sample-and-hold is recommended (Figure 10). 
For the MAX174, a faster T/H amplifier, like the HA5320 
or HA5330, should be used (Figure 11). 

Input Configurations 

The MAX174/MX574A/MX674A input range can be set 
using pin strapping. Table 3 shows the possible input 
ranges and ideal transition voltages. End-point errors 
can be adjusted in all ranges. 



Table 3. Input Ranges and Ideal Digital Output Codes 



ANALOG INPUT VOLTAGE (Volts) 


DIGITAL 
OUTPUT 


Oto +10V 


to +20V 


+5V 


±10V 


MSB LSB 


+ 10.0000 


+20.0000 


+5.0000 


+ 10.0000 


111111111111 


+9.9963 


+ 19.9927 


+4.9963 


+9.9927 


1111 1111 1110* 


+5.0012 


+ 10.0024 


+0.0012 


+0.0024 


1000 0000 0000* 


+4.9988 


+9.9976 


-0.0012 


-0.0024 


0111 1111 1111* 


+4.9963 


+9.9927 


-0.0037 


-0.0073 


0111 1111 1110* 


+0.0012 


+0.0024 


-4.9988 


-9.9976 


0000 0000 0000* 


0.0000 


0.0000 


-5.0000 


-10.0000 


0000 0000 0000 
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Note 1: For unipolar input ranges, output coding is straight binary. 

Note 2: For bipolar input ranges, output coding is offset binary. 

Note 3: For 0V to + 10V or ±5V ranges, 1LSB = 2.44mV. 

Note 4: For 0V to +20V or ±10V ranges, 1LSB = 4.88mV. 

* The digital outputs will be flickering between the indicated code 
and the indicated code plus one. 

Unipolar Input Operation 

The unipolar transfer function and input connections are 
shown in Figures 12 and 13. 

Because all internal resistors of the MAX174/MX574A/ 
MX674A are trimmed for absolute calibration, additional 
trimming is not necessary for most applications. The 
absolute accuracy for each grade is given in the specifi- 
cation tables. 

If the offset trim is not needed, BIPOFF can be tied directly 
to AGND. The two resistors and trimmer for BIPOFF can 
then be discarded. A50Q ±1% metal film resistor should 
be attached between REFOUT and REFIN. 

/V\ /\ X I /H 
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For a OV to +10V input range, the analog input is con- 
nected between AGND and 10Vin. For a OV to +20V 
input range, the analog input is connected between 
AGND and 20Vin. These ADCs can easily handle an 
input signal beyond the supplies. If full-scale trim is not 
needed, the gain trimmer, R2, should be swapped with 
a 50H resistor. Should a 10.24V input range be selected, 
a 200f2 trimmer should be inserted in series with 10Vin. 
For a full-scale input range of 20. 48V, use a 500£i trimmer 
in series with 20Vin. The nominal input impedance into 
10VIN is 5kQ and 10k£2 for 20Vin. 



OUTPUT CODE 



1111 11111111 
1111 11111110 
1111 1111 1101 
0000 0000 0611 
0000 00000010 
0000 00000001 

oooo oooo oooo 



FS> 4069 LSBs 





12 3 FS-1 
ANALOG INPUT VOLTAGE IN LSBs 



Figure 12. Ideal Unipolar Transfer Function 
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Figure 13. Unipolar Input Connections 



Offset and Full-Scale Adjustment 

In applications where the offset and full-scale range have 
to be adjusted, use the circuit shown in Figure 12. The 
offset should be adjusted first. Apply 1/2LSB at the 
analog input and adjust R1 until the digital output code 
flickers between 0000 0000 0000 and 0000 0000 0001 . 

To adjust the full-scale range, apply FS - 3/2LSB at the 
analog input and adjust R2 until the output code changes 
between 1111 1111 1110 and 1111 1111 1111. 



OUTPUT CODE 
111111111111 
1111 1111 1110 
1111 1111 1101 
1000 0000 0001 
1000 oooo oooo 
0111 1111 1111 
011111111110 

0000 0000 0011 
000000000010 
0000 00000001 
00000000 0000 



FS. 4096 LSBs 



1 FS FS 
2 k 2 



ANALOG INPUT VOLTAGE IN LSBs 



Figure 14. Ideal Bipolar Transfer Function 




Figure 15. Bipolar Input Connections 
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Bipolar Input Operation 

The Bipolar transfer function is shown in Figure 14, and 
input connections are shown in Figure 15. One or both 
of the trimmers can be exchanged with a 50Q. ±1 % fixed 
resistor if the offset and gain specifications suffice. 



PART 


PIN-PACKAGE 


LINEARITY 

(LSBs) 


TEMPCO 

(ppm/C) 


8|iS 


Maximum Conversion Time 




TEMP. RANGE: 


-40C to +85C 






MAX174AEPI 


28 Plastic DIP 


3/4 


19 


MAX174BEPI 


28 Plastic DIP 


3/4 


38 


MAX174CEPI 


28 Plastic DIP 


1 


75 


MAX174AEWI 


28 Wide SO 


3/4 


19 


MAX174BEWI 


28 Wide SO 


3/4 


38 


MAX174CEWI 


28 Wide SO 


1 


75 


TEMP. RANGE: 


-55C to +125C 






MAX 174AM J I 


28 CERDIP 


3/4 


12 


MAX174BMJI 


28 CERDIP 


3/4 


25 


MAX174CMJI 


28 CERDIP 


1 


50 


1 5us Maximum Conversion Time 


TEMP. RANGE: 


O'C to +70 C 






MX674AJN 


28 Plastic DIP 




50 


MX674AKN 


28 Plastic DIP 


1/2 


27 


MX674ALN 


28 Plastic DIP 


1/2 


10 


MX674AJCWI 


28 Wide SO 


1 


50 


MX674AKCWI 


28 Wide SO 


1/2 


27 


MX674ALCWI 


28 Wide SO 


1/2 


10 


MX674AK/D 


Dice" 


1/2 




TEMP. RANGE: 


-40 C to +85 C 






MX674AJEPI 


28 Plastic DIP 


1 


75 


MX674AKEPI 


28 Plastic DIP 


1/2 


38 


MX674ALEPI 


28 Plastic DIP 


1/2 


19 


MX674AJEWI 


28 Wide SO 


1 


75 


MX674AKEWI 


28 Wide SO 


1/2 


38 


MX674ALEWI 


28 Wide SO 


1/2 


19 


TEMP. RANGE: 


-55C to +125C 






MX674ASQ 


28 CERDIP- 


1 


50 


MX674ATQ 


28 CERDIP- 


3/4 


25 


MX674AUQ 


28 CERDIP' 


3/4 


12 



Offset and Full-Scale Adjustment 

To begin bipolar calibration, a signal 1/2LSB above neg- 
ative full-scale is applied. R1 is trimmed until the digital 
output flickers between 0000 0000 0000 and 
0000 0000 0001. Next, a signal 3/2LSB below positive 
full scale is applied. Then, R2 is trimmed until the output 
flickers between 1111 1111 1110and 1111 1111 1111. 



Ordering Information (continued) 



PART 


PIN-PACKAGE 


LINEARITY 

(LSBs) 


TEMPCO 

(ppm/C) 


15ns Maximum Conversion Time 


TEMP. RANGE: 


-55C to +125C 






MX674ASD 


28 Ceramic SB 


1 


50 


MX674ATD 


28 Ceramic SB 


3/4 


25 


MX674AUD 


28 Ceramic SB 


3/4 


12 


25us Maximum Conversion Time 


TEMP. RANGE: 


O'C to +70C 






MX574AJN 


28 Plastic DIP 


1 


50 


MX574AKN 


28 Plastic DIP 


1/2 


27 


MX574ALN 


28 Plastic DIP 


1/2 


10 


MX574AJCWI 


28 Wide SO 


1 


50 


MX574AKCWI 


28 Wide SO 


1/2 


27 


MX574ALCWI 


28 Wide SO 


1/2 


10 


MX574AJP 


28 PLCC 


1 


50 


MX574AKP 


28 PLCC 


1/2 


27 


MX574ALP 


28 PLCC 




10 


MX574AK/D 


Dice" 


1/2 




TEMP. RANGE: 


-40C to +85C 






MX574AJEPI 


28 Plastic DIP 


1 


75 


MX574AKEPI 


28 Plastic DIP 


3/4 


38 


MX574ALEPI 


28 Plastic DIP 


3/4 


19 


MX574AJEWI 


28 Wide SO 


1 


75 


MX574AKEWI 


28 Wide SO 


3/4 


38 


MX574ALEWI 


28 Wide SO 


3/4 


19 


TEMP. RANGE: 


-55C to +125C 






MX574ASQ 


28 CERDIP* 


1 


50 


MX574ATQ 


28 CERDIP" 


3/4 


25 


MX574AUQ 


28 CERDIP* 


3/4 


12 


MX574ASD 


28 Ceramic SB 


1 


50 


MX574ATD 


28 Ceramic SB 


3/4 


25 


MX574AUD 


28 Ceramic SB 


3/4 


12 



" Maxim reserves the right to ship Ceramic SB in lieu of CERDIP 

packages. 
" Consult factory for dice specifications. 



Industry Standard Complete 2 
12-Bit A/D Converters ^ 

Pin Configurations (continued) Chip Topography 




Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied. 
Maxim reserves the right to change the circuitry and specifications without notice at any time. 
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General Description 

The MAX177 is a complete CMOS sampling 10-bit 
analog-to-digital converter (ADC) that combines an 
on-chip track-and-hold and voltage reference along 
with high conversion speed and low power consump- 
tion. A conversion time of 8.33//S includes settling time 
for the track-and-hold. An internal buried zener refer- 
ence provides low drift with low noise. 

The MAX177 accepts -2.5V to +2.5V inputs. External 
components are limited to only decoupling capacitors 
for the power supply and reference voltages. On-chip 
clock circuitry can either be driven from an external 
clock source or a crystal. 

The MAX177 employs a standard microprocessor inter- 
face. Three-state data outputs can be configured for 
8- or 12-bit data buses. Data access and bus release 
timing specs are compatible with most popular micro- 
processors without resorting to wait states. 

Applications 

Digital Signal Processing (DSP) 
Audio and Telecom Processing 
High Accuracy Process Control 
High Speed Data Acquisition 



Functional Diagram 



with Track-and-Hold 

Features 

♦ 12-Bit Resolution and 10-Bit Linearity 

♦ 8.33/js Conversion Time 

♦ Internal Analog Track-Hold 

♦ 6MHz Full Power Bandwidth 

♦ On-Chip ±40ppm/° C Voltage Reference 

♦ High Input Resistance (500MO) 

♦ 100ns Data Access Time 

♦ 180mW (Max) Power Consumption 

♦ 24 Lead Narrow DIP and Wide SO Packages 



Ordering Information 



PART 


TEMP 


RANGE 


PACKAGE* 


ERROR 


MAX177CNG 


0°C 


to 


+70° C 


Plastic DIP 


±1 


LSB 


MAX177CWG 


o°c 


to 


+70° C 


Wide SO 


±1 


LSB 


MAX177C/D 


o°c 


to 


+70° C 


Dice** 


±1 


LSB 


MAX177ENG 


-40° C 


to 


+85° C 


Plastic DIP 


±1 


LSB 


MAX177EWG 


-40° C 


to 


+85° C 


Wide SO 


±1 


LSB 


MAX177MRG 


-55° C 


to 


+125°C 


CERDIP 


±1 


LSB 



* All devices — 24 lead packages 

** Consult factory for dice specifications. 
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Pin Configuration 



Top View 
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CMOS 10-Bit A/D Converter 
with Track-and-Hold 



ABSOLUTE MAXIMUM RATINGS 



V DD toDGND -0.3Vto+7V 

VsstoDGND +0.3Vto-17V 

AGND to DGND -0 3V to V DD +0.3V 

AINtoAGND -15Vto+15V 

Digital Input Voltage to DGND -0.3V to V D o + 0.3V 

(Pins 17, 19-21) 

Digital Output Voltage to DGND -0.3V to V D d +0.3V 

(Pins 4-11, 13-16, 18, 22) 



Operating Temperature Ranges 

MAX177C 0°Cto+70°C 

MAX177E -40°CtO+85°C 

MAX177M -55°CtO+125°C 

Storage Temperature Range -65° C to +160° C 

Power Dissipation (any Package) 1000mW 

Derates Above +75° C by 10mW/°C 

Lead Temperature (Soldering 10 seconds) +300°C 



Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS 

(V DD = +5V ±5%, V S s = -11.4V to -15.75V, Slow Memory Mode, T A = T M in to T MAX , foLK = 15MHz unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN TYP MAX 


UNITS 


ACCURACY 


Resolution 






12 


Bits 


No Missing Code Resolution 






10 


Bits 


Integral Non-Linearity 


INL 




0.05 


%FSR 


Offset Error (Note 1) 






+8 


mV 


Full Scale Error (Note 2) 




T A = 25° C, Includes Reference Error 


±0.4 


% 


Full Scale Tempco (Notes 3, 4) 




Excludes Internal Reference Drift 


±5 


ppm/°C 


Conversion Time 


tcONV 


Synchronous (12.5 clock cycles) 
(13 clock cycles) 


8.33 
8.67 


lis 


DYNAMIC ACCURACY (Vpo = 5V, V S s = 15V, Sample Rate = 100kHz) 


Signal to Noise and 
Distortion Ratio 


S/(N+D) 


10kHz Input Signal , T A = 25°C 


64 


dB 


Total Harmonic Distortion 


THD 


10kHz Input Signal, T A = 25°C 


-72 


dB 


Peak Harmonic or 
Spurious Noise 




10kHz Input Signal, T A = 25°C 


-72 


dB 


Full Power 
Sampling Bandwidth 




In Sample Mode, 
Under-Sampled Waveform 


6 


MHz 


ANALOG INPUT 


Input Voltage Range 






-2.5 +2.5 


V 


Input Leakage Current 






±5 


«A 


Input Capacitance (Note 4) 






20 


PF 


Track-Hold 
Acquisition Time 






1 


US 


REFERENCE 


Vr E f Output Voltage 




T A = 25°C 


-4.98 -5.00 -5.02 


V 


Vr E f Output Tempco (Note 5) 






+45 


ppm/°C 


Reference Load Sensitivity 




AFS/AIref, 

Iref Load Change: to 5mA 


0.005 0.02 


%/mA 


Output Sink Current 






5 


mA 
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CMOS 10-Bit A/D Converter 
with Track-and-Hold 



ELECTRICAL CHARACTERISTICS (continued) 

(V DD = +5V +5%, V s s = -11.4V to -15.75V, Slow Memory Mode, T A = T M in to Tmax. >clk = 15MHz unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN TYP MAX 


UNITS 


LOGIC INPUTS 


Input Low Voltage 


V|L 


CS, RD, HBEN, CLK IN 


0.8 


V 


Input High Voltage 


V,H 


CS, RD, HBEN, CLK IN 


2.4 


V 


Input Capacitance (Note 4) 


C|N 


CS, RD, HBEN, CLK IN 


10 


PF 


Input Current 


■ in 


M -nvmu CS.RD, HBEN 
V lN - OV to V D0 clk |n 


10 
20 




LOGIC OUTPUTS 


Output Low Voltage 


Vol 


D11-D0/8, BUSY, CLK OUT 
•sink = 16mA 


0.4 


V 


Output High Voltage 


Voh 


D11-D0/8, BUSY, CLK OUT 
'source = 200 ' /A 


4 


V 


Three-State 
Leakage Current 


k 


D11-D0/8, V 0UT = OV to V 00 


±10 


fA 


Three-State Output 
Capacitance (Note 4) 


Co 




15 


PF 


POWER REQUIREMENTS 


Postive Supply Voltage 


Vdd 


±5% For Specified Performance 


5 


V 


Negative Supply Voltage 


Vss 


±5% For Specified Performance 


-12 -15 


V 


Positive Supply Rejection 




FS Change, V ss = -15V or -12V 
V DD * 4 7 5 to 5.25V 


±0.01 


% 


Negative Supply Rejection 




FS Change, V DD = 5V 
V ss = -14.24 to -15.75V 
V ss = -11.4 to -12.6V 


±0.01 


% 


Positive Supply Current 


'dd 


CS = RD = V DD , AIN = 5V 


4 6 


mA 


Negative Supply Current 


'ss 


CS = RD = V DD , AIN = 5V 


7 10 


mA 


Power Dissipation 




V DD = + 5V, V ss = -12V 


104 150 


mW 



Note 1: Typical change over temp is ±1mV. 

Note 2: Ideal last code transition s FS -1.8mV LSB, adjusted for offset. 

Note 3: Full Scale Tempco = dFS/dT, where dFS is full scale change from T A = 25°C to T M | N or T M ax- 

Note 4: Guaranteed by design, not subject to test. 

Note 5: Vref Tempco = dVRErV/dT. where dVREF is reference voltage change from T A = 25°C to T M | N Tmax- 

Note 6: All input control signals are specified with t r = ti = 5ns (10% to 90% of +5V) and timed from a voltage level of +1.6V. 

Note 7: This specification is 100% production tested. 

Note 8: t3 and t6 are measured with the load circuits of Figure 1 and defined as the time required for an output to cross 0.8V or 
2.4V 

Note 9: t 7 is defined as the time required for the data line to change 0.5V when loaded with the circuits of Figure 2. 



For additional information on using the MAX177, please refer to MAX163/164/167data sheet. 
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CMOS 10-Bit A/D Converter 
with Track-and-Hold 

TIMING CHARACTERISTICS 

(Vdd = + 5V, Vss = -12V or-15V, T A = T M in to T MA x, Note 6, specifications in bold type are 1 00% tested, others are guaranteed by design, 
unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


T A = 25 <> C 
MIN TYP MAX 


MAX177C/E 
MIN MAX 


MAX177M 
MIN MAX 


UNITS 


CS to RD Setup Time 


t, 




o 


o 


o 


ns 


(Note 7) 


h 


CL = 50pF 


80 170 


220 


260 


ns 


riata ArfoQc Timo 
UCHa nLl/CoS 1 IMIC 

(Notes 7, 8) 


h 


CL = 100pF 


50 100 


130 


150 


ns 


RD Pi ikp Wirlth 


t„ 




100 


130 


150 




CS to RD Hold Time 


L 

5 




o 








ns 


Data Setup Time After 
BUSY (Notes 7, 8) 


h 




40 B0 


105 


120 


ns 


Bus Relinquish Time 
(Notes 7, 9) 


h 




30 50 


65 


75 


ns 


HBEN to RD Setup Time 


t 8 













ns 


HBEN to RD Hold Time 


t 9 













ns 


Delay Between 
READ Operations 


*10 




200 


200 


200 


ns 


Delay Between 
Conversions 


«11 




1 


1 


1 


//s 


Aperture Delay 


',2 


Jitter <50ps 


25 






ns 



DBN o . y- 

4 i 



DBN o- 



3kO 



a. High-Z to V H (t3) and Vol to Vqh (t6) 



b. High-Z to Vql (t3) and Vqh to Vql (tei 



Figure 1. Load Circuits lor Access Time 



5V 



3kO 



DBN o- 



T 



T 
I 



DBN o- 



IOpF 

DGND «r 

a. Vqh to High-Z 



±:10pF 
- DGND 

6. Vol to High-Z 



Figure 2. Load Circuits for Bus Relinquish Time 

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied. 
Maxim reserves the right to change the circuitry and specifications without notice at any time. 
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ADVANCE INFORMATION 



General Description 

The MAX178 is a 12-bit analog-to-digital converter 
(ADC), whose end points (offset and gain) are con- 
tinuously calibrated in a transparent fashion. This calibra- 
tion, along with a laser-trimmed R-2R ladder, provides 
true 12-bit performance without external adjustments to 
compensate for full-scale and zero errors. The MAX178 
includes an internal reference, on-board oscillator, and 
Track-and-Hold (T/H) analog input. At the beginning of 
each conversion, an auto-zero cycle reduces system 
offset voltages to typically less than 100>iV. 

Designed for easy microprocessor (u.P) interfacin g, the 
device in cludes deco ded device address (CS), READ 
(RD), and WRITE (WR). The output is available in 2 bytes 
over an 8-bit, three-state output bus. Either byte may be 
read first. To facilitate polling of the converter's status, 2 
converter busy flags are available. 

The analog input voltage range is OV to +5V when using 
a +5V reference voltage. 



>I/I>JXIWI 

12-Bit A/D Converter 
with T/H and Reference 

Features 

♦ Continuous Zero and Full-Scale Error Calibration 

♦ No External Adjustments for Specified Accuracy 

♦ T/H Front End and Internal Reference 

♦ DC and Dynamic Tested 

♦ Auto-Zero Cycle: 100liV Zero Error 

♦ 8- and 16-Bit \iP Interface 

♦ Offered in 24-Pin DIP and Wide SO Packages 



Ordering Information 


PART 


TEMP. RANGE 


PIN-PACKAGE 


MAX178ACNG 


O'C to +70'C 


24 Plastic DIP 


MAX178BCNG 


0"C to +70'C 


24 Plastic DIP 


MAX1 78ACWG 


O'C to +7CTC 


24 Wide SO 


MAX178BCWG 


O'C to +70'C 


24 Wide SO 


MAX178AENG 


-40'Cto +85*C 


24 Plastic DIP 


MAX178BENG 


-40'Cto +85'C 


24 Plastic DIP 


M AX 1 78AEWG 


-40'Cto +85'C 


24 Wide SO 


MAX178BEWG 


-40'Cto +85'C 


24 Wide SO 



MAX1 78AMRG -55'C to + 125'C 24 CERDIP 

MAX178BMRG -55'C to +125'C 24 CERDIP 



Pin Configuration 



Functional Diagram 



TOP VIEW 












caz[T 




24] VDD 


AIN \2_ 




23] Vss 


N.C [3 




2§ REFOUT 


REFIN [7 


MAX178 


|7J CLK 


AGND [5 




20] BUSY 


DGND 5 




19] BYSL 


Vcc [7 




ii] WR 


DB7 \J_ 




u\ 5s 


DB6 \T 




]6\ RO 


DBS [To 




tj] DBO(LSB) 


DB4 [77 




u\ DB1 


DB3 [l2 




13] DB2 




DIP/SO 
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is a registered trademark of Maxim Integrated Products. 



N.C. 



REFIN 



AGND — 



CLK 



CAZ Vdd Vss Vcc 
1 | 24 | 23 I 7 




THREE- 
STATE 
OUTPUT 
DRIVERS 



CONTROL LOGIC 



1 16 1 17 1 18 I 19 I 6 
RD CS WR BYSL DGND 



REFOUT 



DB7 



DATA 
OUT 



DBO 

20 . 



BUSY 
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Complete 8/6-Channel, 
12-Bit Data Acquisition Systems 



General Description 

The MAX180/MAX181 are complete 12-bit Data Acquisi- 
tion Systems (DAS) which combine 8/6-channel input 
multiplexer, high bandwidth Track-and-Hold (T/H), low- 
drift zener reference, and flexible microprocessor (|iP) 
interface with high conversion speed and low power 
consumption. The MAX180/MAX181 can be configured 
by a nP for unipolar or bipolar conversions and single- 
ended or differential inputs. Both devices sample and 
digitize at 100kHz throughput rate and feature a fast 8- 
or 16-bit |iP interface. 

The MAX180/MAX181 differ in two respects. The MAX180 
has 8 analog input channels, while the MAX181 has 6. 
The multiplexer output of the MAX180 is fed directly into 
the Analog-to-Digital Converter (ADC) input. The 
MAX181 brings out both the multiplexer output and ADC 
input to separate pins, allowing a programmable gain 
amplifier to be inserted between the MUX and the ADC. 

The systems allow the user to choose between an internal 
or an external reference. Furthermore, the internal refer- 
ence value and the offset can be adjusted, allowing the 
overall system gain and offset errors to be nulled. The 
multiplexer has high impedance inputs, simplifying 
analog drive requirements. 

Applications 



Digital Signal Processing (DSP) 
High-Accuracy Process Control 
Electro-Mechanical Systems 
Automatic Testing Systems 



Block Diagram 



ADCIN" OFFADJ 



MUXOUT" 




CONTROL 



BUSY 



• MAX180 ONLY 
" MAX181 ONLY 



Features 



♦ Built-in Track-and-Hold 

♦ 100kHz Sampling Rate 

♦ Internal 25ppm/'C Buried Zener Reference 

♦ 8/6-Channel Multiplexed Inputs 

♦ Configurable for Unipolar (0V to 5V) or 
Bipolar (-2.5V to +2.5V) Input Range for each 
Input Channel 

♦ Each Channel Configurable for Single-Ended or 
Differential Inputs 

♦ +5V/-12V or -15V Dual-Supply Operation with 
i50mW Power Dissipation 

♦ 8- or 16-Bit Fast uP Interface 

♦ DC and Dynamic Tested 



Pin Configuration 



s 

i 



TOP VIEW 



AINO [7 
AIN1 f£ 
AIN2 [T 
AIN3 [4 
AIN4 [T 

AIN5 \K. 
(MUX OUT)' AIN6 \T 
(ADCIN)' AIN7 [T 
REFIN [9 
AGND [jo 
REFOUT [j7 
REFADJ [ji 
OFFADJ [Ti 
MODE \u 
VSS [15 
D11 [16 

D10 [7F 

D9 [jji 
D8 [Ts 
DGND (20 



MAX180 
MAX181 



40] Vdd 

39j A2 
38j A1 
37] AO 
36] UNiP/BIP 
35] SE/OIFF 
34] BUSY 
33] CS 
3§ WR 
3l] RD 
30] HBEN 
29| CLKIN 
28] DO/8 
27] D1/9 
26] D2/10 
25] 03/11 
24] D4 
23] D5 
22] D6 
2l] D7 



DIP 



MAX181 ONLY 



✓nyjxiyn 
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4-Channel 12-Bit AID Converter 
with T/H and Reference 



General Description 

The MAX182 is a 4-channel, 12-bit analog-to-digital con- 
verter (ADC), whose end points (offset and gain) are 
continuously calibrated in a transparent fashion. This 
calibration, along with a laser-trimmed R-2R ladder, 
provides true 1 2-bit performance without external adjust- 
ments to compensate for full-scale and offset errors. The 
MAX182 includes an internal reference, on-board oscil- 
lator, and Track-and-Hold (T/H) analog input. At the 
beginning of each conversion, an auto-zero cycle 
reduces system offset voltages to typically less than 1 0OmV. 

Designed for easy microprocessor (^P) interfacin g, the 
device in cludes decoded device address (CS), READ 
(RD), and WRITE (WR). The output is available in 2 bytes 
over an 8-bit, three-state output bus. Either byte may be 
read first. To facilitate polling of the converter's status, 2 
converter busy flags are available. Address inputs AO 
and A1 control the 4-channel input multiplexer. 

The analog input voltage range is OV to 5V when using a 
+5V reference voltage. All 4 analog inputs are high 
impedance and have excellent channel-to-channel 
matching.(typically 0.05LSB). 



Features 

♦ Continuous Zero and Full-Scale Error Calibration 

♦ No External Adjustments for Specified Accuracy 

♦ T/H Front End and Internal Reference 

♦ 4-Channel input MUX 

♦ Auto-Zero Cycle: 100nV Zero Error 

♦ DC and Dynamic Tested 

♦ 8- and 16-Bit uP Interface 

♦ Offered in 28-Pin DIP and Wide SO Packages 



Pin Configuration 



TOP VIEW 








C 




CAZ [T 


• 


is] vod 


AINO [j[ 




HI vss 


AIN1 [T 




?D REFOUT 


AIN2 [T 




25] A1 


AIN3 [T 


MAX182 


24] AO 


REFIN \T 




23] CLK 


AGND \V 




22] BUSY 


DGND [J 




il] BYSL 


Vcc QE 




20\ WR 


DB7 [lO 




19] CS 


DB6 [n 




18] RD 


DB5 [H 




17] DBO(LSB) 


DB4 [Hi 




16] DB1 


DB3 [u 




15] DB2 




DIP/SO 





/w/ixi/w is a registered trademark of Maxim Integrated Products. 



Functional Diagram 



AINO 
AIN1 
AIN2 
AIN3 
AO 



REFIN 



AGND 



CLK 



MUX 



LATCH 



CLK 

osc 



CAZ 

11 



Vdd Vss Vcc 

28 | 27 j 9 



/M/1XI/V1 

MAX182 




CONTROL LOGIC 



REFOUT 



DATA 
OUT 



BUSY 



1 18 |19 1 20 | 21 | 8 
RD CS WR BYSL DGND 
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High-Speed A/D Converters 



General Description 

The MAX1 83/1 84/1 85 are high-speed BiCMOS AID Con- 
verters (ADCs) with conversion times as short as 3|iS 
while consuming only 110mW power. All three parts 
perform identically except for their conversion times: 
MAX183 - 3ns, MAX184 - 5u.s, and MAX185 - 10|is. 

The MAX1 83/1 84/1 85 work with an external voltage ref- 
erence so that the optimum reference can be chosen for 
each application. An on-chip reference input buffer al- 
lows one system reference to drive multiple ADCs. In 
applications where absolute accuracy and temperature 
coefficients are not critical, a low-cost reference will 
suffice. If precision over a wide temperature range is 
required, a high-stability reference should be used. 

For precise conversion times, an internal clock circuit can be 
used with a crystal. Otherwise, the clock input can be driven 
from an external source, such as a microprocessor (|iP) clock. 

The MAX1 83/1 84/1 85 operate from +5V and -1 2V or - 1 5V 
supplies. Input ranges can be selected for OV to +5V, OV 
to +10V, and ±5V, making them ideal for personal com- 
puter data acquisition cards. A high-speed digital inter- 
face (90hs bus interface time), with three-state data 
outputs and standard control inputs, is compatible with 
all common |iPs. 

The MAX1 83/1 84/1 85 are available in space saving 24- 
pin narrow plastic DIP, CERDIP, and wide SO packages. 



Features 



♦ 12-Bit Resolution and Accuracy 

♦ Fast Conversion Time 

MAX183-3lis 
MAX184-5us 
MAX185 -1 bus 

♦ 11 OmW Power Consumption 

♦ Choice of +5V, +10V or ±5V Input Ranges 

♦ 90ns Bus Access Time 

♦ Operate with +5V, and -12V/-15V Supplies 

♦ Available in 0.3" DIP or Wide SO Packages 



| 

00 



s 

01 



Applications 



Telecommunications 
Sonar and Radar Signal Processing 
High-Speed Data Acquisition Systems 
Personal Computer I/O Boards 

Functional Diagram 




12-BIT DAC V 



A1>fXI>W 

MAX183 
MAX184 

MAX185 , — ^ 



I 3 
AGND 




THREE-STATE 
OUTPUT DRIVERS 



U I 11 I 12 I 13 I 16 
DB11 DB4 DGND DB3 DBO 



/wiyixi/vi is a registered trademark of Maxim Integrated Products. 



Pin Configurations 



TOP VIEW 






AIN1 [7 




24] AIN2 


VREF [T 




23] Vdd 


AGND [T 
DB11 (MSB) [T 
DB10[? 


MAX183 
MAX184 
MAX185 


22] Vss 
2l] BUSY 

20] cs 


DB9[6 




19] Sd 


DB8[T 




IS] CLKOUT 


DB7[8 




T7] CLKIN 


DB6|T 




16] DBO 


DB5[l0 




IS] DB1 


DB4 [TT 




U\ DB2 


DGND[l2 




13] DB3 




DIP 
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D/A Converters 



MAX500 CMOS Quad, Serial Interface, 8-Bit D/A Converter 2-1 

MAX543 CMOS 12-Bit Serial Multiplying D/A Converter 2-13 
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INTRODUCTORY 



mm or devices 



CMOS Quad, Serial Interface, 
8-Bit D/A Converter 



General Description 

MAX500 is a quad 8-bit voltage output digital to analog 
converter (DAC) with a cascadable serial interface. The 
MAX500 circuit includes four output buffer amplifiers and 
input logic for an easy-to-use two- or three-wire serial 
interface. In a system with several MAX500S, only one 
serial data line is required to load all the DACs by cas- 
cading them. The MAX500 contains double-buffered 
logic and a 10-bit shift register which allows all four DACs 
to be updated simultaneously using one control signal. 
There are three reference inputs so that the range of two 
of the DACs can be independently set while the other two 
DACs track each other. 

The MAX500 achieves 8-bit performance over the full 
operating temperature ranges without external trimming. 



Applications 



Minimum Component Count Analog Systems 
Digital Offset/Gain Adjustment 
Industrial Process Control 
Arbitrary Function Generators 
Automatic Test Equipment 

Functional Block Diagram 



AGND Vr EF C 
SRO DGND V SS V DD LDACs V REF A/B V REF D 

I I I 



10/11- 
BIT 
SHIFT 
REGISTER 









CONTROL 
LOGIC 



INPUT _k DAC 
REGISTER A ~t REGISTER A 



INPUT 
REGISTER B 



DAC 
REGISTER B 



INPUT J DAC 
REGISTER C p] REGISTER C 

=2S 



IE 



DAC A 

m 



INPUT 
REGISTER D 



x 



DAC 8 



DAC 
REGISTER D 



rr — i "o 

=fl DACC i£>U 
3| DACDjjpI 



MAX500 



VoutB 
VqutC 



VoutD 



LOAD SDA 
SCL 



Features 



♦ Buffered Voltage Outputs 

♦ Double-Buffered Digital Inputs 

♦ Microprocessor and TTL/CMOS Compatible 
4 Requires No External Adjustments 

4 Two- or Three-Wire Cascadable Serial Interface 

♦ 16-Pin Package 

4 Operates from Single or Dual Supplies 

Ordering Information 



PART 


TEMP. RANGE 


PACKAGE 


ERROR 


MAX500ACPE 


O'C 


to 


+70'C 


Plastic DIP 


±1 LSB 


MAX500BCPE 


0"C 


to 


+70'C 


Plastic DIP 


±2 LSB 


MAX500ACWE 


O'C 


to 


+70'C 


Wide SO 


±1 LSB 


MAX500BCWE 


O'C 


to 


+70'C 


Wide SO 


±2 LSB 


MAX500BC/D 


O'C 


to 


+70"C 


Dice 


+2 LSB 


MAX500AEWE 


-40*C 


to 


+85"C 


Wide SO 


±1 LSB 


MAX500BEWE 


-40'C 


to 


+85'C 


Wide SO 


±2 LSB 


MAX500AEJE 


-40'C 


to 


+85"C 


CERDIP 


±1 LSB 


MAX500BEJE 


-40'C 


to 


+85'C 


CERDIP 


±2 LSB 


MAX500AMJE 


-55'C 


to 


+125'C 


CERDIP 


±1 LSB 


MAX500BMJE 


-55*C 


to 


+125°C 


CERDIP 


±2 LSB 








Pin 


Configuration 



Top View 




/V\A*\/V\ 
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CMOS Quad, Serial Interface, 
8-Bit D/A Converter 
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ABSOLUTE MAXIMUM RATINGS 

VootoAGND . -0.3V, +17V 

V DD to DGND -0.3V, +17V 

Vss to DGND -7V, Vdd +0.3V 

Vdd to Vss -0.3V, +24V 

Digital Input Voltage to DGND -0.3V, Vdd +0.3V 

Vref to AGND -0.3V, Vdd +0.3V 

Vqut to AGND (Note 1 ) -0.3V, Vdd +0.3V 



Power Dissipation (any package) to +75*C 500mW 

Derate Above +75'C 8mW/"C 

Operating Temperature Range 

MAX500XC 0°C to +70°C 

MAX500XE -40"C to +85"C 

MAX500XM -55°C to +125'C 

Storage Temperature -65'C to +150'C 

Lead Temperature (soldering 10 sec.) +300'C 



Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device- These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied Exposure to 
absolute maximum rating conditions tor extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS: Dual Supply Specifications 

(Vdd = +1 1.4V to +16.5V, Vss = -5V±10%, AGND = DGND = 0V, Vref = +2V to (Vdd-4V), T a = Tmin to Tmax unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN TYP MAX 


UNITS 


STATIC PERFORMANCE 


Resolution 






8 


Bits 


Total Unadjusted Error 




V DD = 15V±5% 
V RE f= 10V 


MAX500A 
MAX500B 


±1 
±2 


LSB 


Relative Accuracy 




MAX500A 
MAX500B 


±V 2 
±1 


LSB 


Differential Nonlinearity 
Guaranteed Monotonic 






±1 


LSB 


Full Scale Error 




MAX500A 
MAX500B 


± 1 /2 
±1 


LSB 


Full Scale Tempco 




Vref = 10V 


±5 


ppm/'C 


Zero Code Error 




T A = 25"C 


MAX500A 
MAX500B 


±15 

±20 


mV 


Ta = Tmin to Tmax 


MAX500A 
MAX500B 


±20 
±30 


Zero Code Tempco 






±30 


uVfC 


REFERENCE INPUT 


Reference Input Range 






2 Vdd - 4 


V 


Reference Input Resistance 
Pins 12, 13 

Reference Input Resistance 
Pin 4 






11 

5.5 


kQ 


Reference Input Capacitance 




(Note 2) Code Dependent 


100 


pF 


Channei-to-Channel Isolation 




(Note 3) 


-60 


dB 


AC Feedthrough 




(Note 3) 


-70 


dB 


DIGITAL INPUTS 


Digital Input High Voltage 


V IH 




2.4 


V 


Digital Input Low Voltage 


V IL 




0.8 


V 


Digital Output High Voltage 


V H 


Iout = -1mA, SRO only 


Vdd-1 


V 


Digital Output Low Voltage 


Vol 


Iout = 1mA, SRO only 


0.4 


V 



CMOS Quad, Serial Interface, 
8-Bit D/A Converter 



ELECTRICAL CHARACTERISTICS: Dual Supply Specifications (continued) 

(V DD = +1 1 ,4V to +16.5V, Vss = -5V±10%, AGND = DGND = OV, Vref = +2V to (Vdd - 4V), T A = Tmin to Tmax unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN TYP MAX 


UNITS 


Digital Input Leakage Current 




(Note 4) 


Excluding LOAD 
LOAD = OV 


±1 
30 


MA 


Digital Input Capacitance 




(Note 5) 


8 


PF 


DYNAMIC PERFORMANCE 


Voltage Output Slew Rate 




(Note 5) 


3 


V/us 


Vout Settling Time 




To ±V 2 LSB, V REF = 10V, Vdd = +15V, 
2kn in parallel with 100pF load 


4 


US 


Digital Feedthrough 




(Note 6) 


50 


nV-s 


Digital Crosstalk 




(Note 6) 


50 


nV-s 


Output Load Resistance 




Vout= 10V 


2 


kn 


POWER SUPPLIES 


Positive Supply Voltage 


Vdd 


For specificed performance 


11.4 16.5 


V 


Positive Supply Current 


Idd 


Outputs unloaded 


T A = 25°C 

Ta = Tmin to Tmax 


10 
12 


mA 


Negative Supply Current 


Iss 


Outputs unloaded 


T a = 25'C 

Ta = T M in to T MA x 


-9 
-10 


mA 


SWITCHING CHARACTERISTICS (Note 5) 


THREE-WIRE MODE 


SDA Valid to SCL Setup 


t S 1 




150 


ns 


SDA Valid to SCL Hold 


tH 







ns 


SCL High Time 


tl 




350 


ns 


SCL Low Time 


t 2 




350 


ns 


LOAD Pulse Width 


tLDW 




150 


ns 


LOAD Delay from SCL 


t|_DS 




150 


ns 


LDAC Pulse Width 


t|_DAC 




150 


ns 


SRO Output Delay 


t D 1 


Cload = 50pF 


150 ns 


TWO-WIRE MODE 


SDA Valid to SCL Hold 


t H 







ns 


SCL High Time 


tl 




350 


ns 


SCL Low Time 


h 




350 


ns 


LDAC Pulse Width 


'ldac 




150 


ns 


SCL Valid to SDA Setup 


tsi 


(Start condition) 


150 


ns 


SDA Valid to SCL Setup 


( S2 


(Stop condition) 


100 


ns 


SDA Valid to Rising SCL 


'S3 




125 


ns 


SRO Output Delay 


to, 


Cload = 50pF 


150 


ns 



ywiyjxiyn 
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ELECTRICAL CHARACTERISTICS: Single Supply Specifications 

(V DD = +15V ±5%, Vss = AGND = DGND = OV, Vref = 10V, T A = Tmin to Tmax unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN TYP MAX 


UNITS 


STATIC PERFORMANCE 


Resolution 






8 


Bits 


Total Unadjusted Error 




V DD = 15V ±5% 
Vref = 10V 


MAX500A 
MAX500B 


±1 
±2 


LSB 


rtyiduvy Mccuiduy 






MAX500A 
MAX500B 


± 1 /S 
±1 


LSB 


Differential Nonlinearity 
Guaranteed Monotonic 






±1 


LSB 


Full Scale Error 






MAX500A 
MAX500B 


± 1 /2 
±1 


LSB 


Full Scale Tempco 




Vref= 10V 


±5 


ppm/'C 


Zero Code Error 




T A = 25"C 


MAX500A 
MAX500B 


±15 
±20 


mV 


Ta = Tmin to Tmax 


MAX500A 
MAX500B 


±20 
±30 


Zero Code Tempco 






±30 


nvrc 


REFERENCE INPUT - All specifications are the same as for dual supplies. 


DIGITAL INPUTS - All specifications are the same as for dual supplies. 


DYNAMIC PERFORMANCE - All specifications are the same as for dual supplies. 


POWER SUPPLIES 


Positive Supply Voltage 


Vdd 


For specified performance 


14.25 15.75 


V 


Positive Supply Current 


I DO 


Outputs Unloaded Ta = 25°C 

Ta = Tmin to Tmax 


10 
12 


mA 


SWITCHING CHARACTERISTICS - All specifications are the same as for dual supplies. 



Note 1 : The outputs may be shorted to AGND provided that the power dissipation of the package is not exceeded. 

Typical short circuit current to AGND is 25mA. 
Note 2: Guaranteed by design. Not production tested. 
Note 3: Vref = 10 kHz. 10V peak-to-peak sine wave. 
Note 4: LOAD has a weak internal pull-up resistor to Vdd. 
Note 5: Sample tested at +25'C to ensure compliance. 
Note 6: DAC switched from all 1s to all 0s, and all 0s to all 1s code. 

Typical Operating Characteristics 



RELATIVE ACCURACY vs. Vref 









Z5°C. Vss ■ 


-5V 










































: 

: 














1 










Vdd = 12V 






Vdd = 


15V 



DIFFERENTIAL NONLINEARITY vs. V HEF 



10 12 14 
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_ Typical Operating Characteristics (Continued) 



OUTPUT SINK CURRENT 



POWER SUPPLY CURRENT 
vs. TEMPERATURE 



ZERO-CODE ERROR 
vs. TEMPERATURE 
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-55 -40 -20 20 40 GO 
TEMPERATURE |°C| 
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Detailed Description 

The MAX500 has four matched voltage output digital-to- 
analog converters (DAC). The DACs are "inverted" R-2R 
ladder networks which convert 8 digital bits into equiva- 
lent analog output voltages in proportion to the applied 
reference voltage(s). Two DACs in the MAX500 have a 
separate reference input while the other two DACs share 
one reference input. A simplified circuit diagram of one 
of the four DACs is provided in Figure 1. 



-55 - 40 -20 20 40 60 
TEMPERATURE TCI 

VoutA, VoutB, VoutC, and VoutD can be represented by 
a digitally programmable voltage source as: 



Vref 



Vout = Nb x 



where Nb is the numeric value of the DACs binary input 
code. 

Output Buffer Amplifiers 




Figure 1. Simplified DAC Circuit Diagram 

Vref Input 

The voltage at Vref pins (pins 4, 12 and 13) sets the full 
scale output of the DAC. The input impedance of the Vref 
inputs is code dependent. The lowest value, approxi- 
mately 11k£2 (5.5kO for pin 4), occurs when the input 
code is 01010101. The maximum value of infinity occurs 
when the input code is 00000000. Because the input 
resistance at Vref is code dependent, the DACs refer- 
ence sources should have an output impedance of no 
more than 20£1 (no more than 10Q for pin 4). The input 
capacitance at Vref is also code dependent and typically 
varies from 15pF to 35pF (30pF to 70pF for pin 4). 



All voltage outputs are internally buffered by precision 
unity gain followers which slew at greater than 3V/ns. 
When driving 2k£i in parallel with 100pF with a full scale 
transition (OV to +10V or +10V to 0V), the output settles 
to ±V£ LSB in less than 4iis. The buffers will also drive 2kn 
in parallel with 500pF to 10V levels without oscillation. 
Typical dynamic response and settling performance of 
the MAX500 is shown in Figures 2 and 3. 

A simplified circuit diagram of an output buffer is shown 
in Figure 4. Input common mode range to AGND is 
provided by a PMOS input structure. The output circuitry 
incorporates a pull-down circuit to actively drive Vout to 
within +15mV of the negative supply (Vss). The buffer 
circuitry allows each DAC output to sink, as well as source 
up to 5mA. This is especially important in single supply 
applications, where Vss is connected to AGND, so that 
the zero error is kept at or under Vz LSB (Vref = +10V). 
A plot of the output sink current versus output voltage is 
shown in the Typical Operating Characteristics section. 

Digital Inputs 
and Interface Logic 

The digital inputs are compatible with both TTL and 5V 
CMOS logic, however, the power supply current (Idd) is 
somewhat dependent on the input logic level. Supply 
current is specified for TTL input levels (worst case) but 
is reduced (by about 150(iA) when the logic inputs are 
driven near DGND or 4 volts above DGND. 
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POS. STEP. V S s = -5V OR OV 



NEG. STEP. V S s = -5V OR OV 




|5U/Hiv.| 




-OUTPUT— 

IZOmV/div | 





8SSSSSSS 

■■»»■■ 

■iiimini 
■■■iiiiiiiiil 
Rbhiikumh 





Figure 2. Positive and Negative Settling Times, V ss = OV or -5V 



DYNAMIC RESPONSE. V S s = -5V OR OV 




!■■■■■*■■■ 

S5S»"85S»i 
■■^■■iSSSt'l 




Figure 3. Dynamic Response, Vss = OV or -5V 

The MAX500 allows the user to choose between a three- 
wire serial interface and a two-wire serial interface. The 
choice betw een the two-wire an d the th ree-wire interface 
is set by the LOAD signal. If the LOAD is allowed to float 
(it has a weak internal pull-u p resis tor to Vdd), the two-wire 
interface is selected. If the LOAD signal is kept to a TTL 
logical high level, the three-wire interface is selected. 

Three-Wire Interface 

The three-wire interface uses t he cla ssic Serial Data 
(SDA), Serial Clock (SCL), and LOAD signals used in 
standard shift registers. The data is clocked in on the 
falling edge of SCL until all 10 bits (8 data bits and 2 



Vdd- 



FROM 
INVERTED 

DAC pMnc 
OUTPUT 



M 



IE 



INPUTS 



3^ 

I* 



111 



V 



Vss- 



NPN 
■ EMITTER 
FOLLOWER 
PULL-UP 



VguT 



s 



NMOS 



PULL-DOWN 
CIRCUIT 



Figure 4. Simplified Output Buffer Circuit 

address bit s) are e ntered into the SHIFT REGISTER. A 
low level on LOAD line initiates the transfer of data from 
the SHIFT REGISTER to the addressed INPUT REGIS- 
TER. The data can stay in this register until all four of the 
INPUT REGISTERS are updated. Then all of the DAC 
REGIS TERS can be simultaneou sly up dated using the 
LDAC (LOAD DAC) signal. When LDAC is low, the INPUT 
REGISTER'S data is loaded into the DAC REGISTERS (see 
Figure 5 for timing diagram). This mode is cascadable 
by connecting Serial Output (SRO) to the second chip's 
SDA pin. The delay of the SRO pin from SCL does not 
cause setup/hold time violations no matter how many 
MAX500s are cascaded. 
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SCL 



A1 AO JjsB D6 D5 D4 D3 D2 D1 ^ 



SDA 



LOAD 



LDAC 



ijnjnjnjnjHjnjnjnjHLT 
i m rn_j — i 



SRO 

(SERIAL OUTPUT) 



SCL- 



\ / \ 



SDA. 



SRO ■ 



* U1 



11 * 



M tDi h- 



SCL ■ 
LOAD 
LDAC 



» lLOS *»lLDW* 



» tLDS *»tLDAC-» 



Figure 5. 3-Wire Mode 



SCL 



SDA 



LDAC 



SRO 



i r 



(SERIAL OUTPUT) 

SCL- 



J — i r 



SDA- 



SRO - 



% K — > A 

tsi 



s 



«• 101 



1 I L 

SCL- 



♦-IS3 



-w is? k 



SDA- 
LDAC- 



ILDS 



*~ tLDAC " 



Figure 6. 2-Wire Mode 

yfiyjxisM _ 
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Two-Wire Interface 

The two-wire interface uses SDA and SCL only. LOAD 
must be floating or tied to Vdd. Each data frame (8 data 
bits and 2 address bits) is synchronized by a timing 
relationship between SDA and SCL (see Figure 6 for the 
timing diagram). Both SDA and SCL should normally be 
high when inactive. A falling edge of SDA (while SCL is 
high) followed by a falling edge of SCL (while SDA is low) 
is the start condition. This always loads a into the first 
bit of the SHIFT REGISTER. The SHIFT REGISTER is 
extended to 1 1 bits so this "data" will not affect the INPUT 
REGISTER information. The timing now follows the three- 
wire interface except the SDA line is not allowed to 
change when SCL is high (this prevents the MAX500 from 
retriggering its start condition). After the last data bit is 
entered, the SDA line should go low (while the SCL line 
is low), then the SCL line should rise followed by the SDA 
line rising. This is defined as the stop condition, or end of 
frame. 

Cascading the two-wire interface can be done, but the 
user must be careful of both timing and formatting. Tim- 
ing must take into account the intrinsic delay of the SRO 
pin from the internally generated start/stop conditions. 
The ts2 value should be increased by n times tDi, (where 
n = number of cascaded MAX500s). The ti_DS value 
should also be increased by n times toi. No other timing 
parameters need to be modified. A more serious concern 
is one of formatting. Generally since each frame has a 
start/stop condition, each chip that has data cascaded 
through it will accept that data as if it were its own data. 
Therefore, to circumvent this limitation, the user should 
not generate a stop bit until all DACs have been loaded. 
For example, if there are three MAX500s cascaded in the 
two-wire mode, the data transfer should begin with a start 
condition, then followed by 10 data bits, a zero bit, 10 
data bits, a zero bit, 10 data bits, and then a stop 
condition. This will prevent each MAX500 from decoding 
the middle data for itself. 

The data is entered into the SHIFT REGISTER in the 
following order: 



A1 AO D7 D6 D5 D4 D3 D2 D1 DO 
(First) (MSB) (Last) 



where address bits A1 and AO select which DAC register 
receives data from the internal SHIFT REGISTER. Table 1 
lists the channel addresses. D7 through DO (D7 is MSB) 
is the data byte. 
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Table 1 . DAC Addressing 



A1 


AO 


SELECTED INPUT REGISTER 


L 


L 


DAC A Input Register 


L 


H 


DAC B Input Register 


H 


L 


DAC C Input Register 


H 


H 


DAC D Input Register 



Sinc e LDA C is asynchronous with respect to SCL, SDA, 
and LOAD, care must be taken to assure that incorrect 
data is not latched through to the DAC RE GISTERS. If the 
three-wire serial interfa ce is used, LDA C can be tied low 
permanently or LDAC can be tied to LOAD as long as 
ti_DS is alway s main tained. However, if the two-wire inter- 
face is used, LDAC should not fall before the stop condi- 
tion is in ternally detected. (This is the reason for the ti_DS 
delay of LDAC after the last rising edge of SDA.) 

The SRO output swings from Vdd to DGND. Cascading 
to other MAX500s poses no problem. If SRO is used to 
drive a TTL compatible input, then a clamp diode be- 
tween TTL +5V and Vdd and current limiting resistor 
should be used. This will prevent potential latchup pro- 
blems with the 5V supply. 

IabJe.2 shows the truth table for SDA, SCL, LOAD, and 
LDAC operation. Figures 5 and 6 show the timing dia- 
grams for the MAX500. 



Table 2. Logic Input Truth Table 



SCL 


SDA 


LOAD 


LDAC 


FUNCTION 


F 


Data 


Vdd 


H 


Latching data into 
Shift Register (2W) 


H 


Data 


Vdd 


H 


Data should not be 
changing (2W) 


L 


X 


Vdd 


H 


Data is allowed to 
change (2W) 


F 


Data 


M 


H 


Latching data into 
Shift Register (3W) 


H 


X 


M 


H 


Data is allowed to 
change (3W) 


L 


X 


M 


H 


Data is allowed to 
change (3W) 


H 


X 


L 


H 


Loads Input Register 
from Shift Register (3W) 


H 


X 


L 


L 


DAC register reflects 
data held in their 
respective Input 
Registers 



Notes: 



H = Logical High 2W = 2-Wire 

L = Logical Low 3W = 3-Wire 

M = TTL Logical High F = Falling Edge 

X = Don't Care 

/W J\ X I /H 



Applications Information 

Power Supply and 
Reference Operating Ranges 

The MAX500 is fully specified to operate with Vdd be- 
tween +12V±5% and +15V ±10% (+1 1.4V to +16.5V), 
and with Vss from 0V to -5.5V. 8-bit performance is also 
guaranteed for single supply operation (Vss = 0V), how- 
ever, zero code error is reduced when Vss is -5V (see 
Output Buffer Amplifier section). 

For adequate DAC and buffer operating range, the Vref 
voltage must always be at least 4V below Vdd. The 
MAX500 is specified to operate with a reference input 
range of +2V to Vdd - 4V. 

'anagement 



CMOS Quad, Serial Interface, 
8-Bit D/A Converter 

Unipolar Output 



Digital or AC transient signals between AGND and DGND 
will create noise at the analog outputs. It is recommended 
that AGND and DGND be tied together at the DAC and 
that this point be tied to the highest quality ground that is 
available. If separate ground busses are used, then two 
clamp diodes (1N914 or equivalent) should be con- 
nected between AGND and DGND to keep the two 
ground busses within one diode drop of each other. To 
avoid parasitic device turn-on, AGND must not be al- 
lowed to be more negative than DGND. DGND should be 
used as supply ground for bypassing purposes. 

Careful PCB ground layout techniques should be used to 
minimize crosstalk between DAC outputs, the reference 
input(s), and the digital inputs. This is particularly impor- 
tant if the reference is driven from an AC source. Figure 
7 shows suggested circuit board layouts for minimizing 
crosstalk. 



SYSTEM GNO 





COMPONENT SIDE (TOP VIEW) 



Figure 7. Suggested MAX500 PCB Layout for Minimizing Crosstalk 



In unipolar operation, the output voltages and the refer- 
ence input(s) are the same polarity. Unipolar circuit con- 
figuration is shown in Figure 8 for the MAX500. The device 
can be operated from a single supply with a slight in- 
crease in zero error (see Output Buffer Amplifier section). 
To avoid parasitic device turn-on, the voltage at Vref must 
always be positive with respect to AGND. The unipolar 
code table is given in Table 3. 



RE 



DIGITAL 
INPUTS 

NOT 
SHOWN 



MAX500 



ERENCE INPUTS +15V 
12 | 13 | 14 | 



V pe( a-b I^re-c |VrefD I Vdd 

DAC A _> VoutA 



T~T7 



DAC B j£>Ll 
I I, 



DACC 



DAC D 



Vss WD DGND 

"Ir- 



-5V(0RGND) 



U J 6 



VqutB 



VouiC 



VouiD 



Figure 8. MAX500 Unipolar Output Circuit 



Table 3. Unipolar Code Table 



DAC CONTENTS 
MSB LSB 


ANALOG OUTPUT 


1111 1111 


+Vref (H) 


1 1 


♦MS) 


1 




111 1111 


+Vref (H) 


1 


+Vref (ae) 


0000 0000 


ov 



1 LSB = (Vref) (2' 8 ) = + Vref (~) 
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§ 

I 



Each DAC output may be configured for bipolar opera- 
tion using the circuit in Figure 9. One op-amp and two 
resistors are required per channel. With R1 = R2: 

Vout = Vref (2D A - 1) 

where Da is a fractional representation of the digital word 
in Register A. 

Table 4 shows the digital code versus output voltage for 
the circuit in Figure 9. 

Table 4. Bipolar Code Table 



DAC CONTENTS 
MSB LSB 


ANALOG OUTPUT 


1111 1111 


+Vref (H) 


1 1 


+Vref (lis) 


1 


ov 


111 1111 


' Vref (iffl) 


1 


- Vref (t§) 


0000 0000 


■ Vref (lit) = " Vref 



Note: 1 LSB = (Vref) (2" s ) = +V RE f (^x) 



DAC 
OUTPUT, 

FROM 
MAX500 



R2 



_ +15V 



•Vout 



-15V 

Rl =R2 = 10kn±0.1% 
NOTE: Vref IS THE REFERENCE INPUT FOR THE MAX500 



Offsetting AGND 

AGND can be biased above DGND to provide an arbi- 
trary nonzero output voltage for a "zero" input code. This 
is shown in Figure 10. The output voltage at VoutA is: 

VoutA = Vbias + DaVin 

where Da is a fractional representation of the digital input 
word. Since AGND is common to all four DACs, all 
outputs will be offset by Vbias in the same manner. Since 
AGND current is a function of the 4 DAC codes, it should 
be driven by a low impedance source. Vbias must be 
positive. 



VlN | 



Vbias 



♦15V 

In 



VrefA/B Vpp 



AGND 



Vss DGND 



-5V(0RGND) — 



VoutA 



• DIGITAL INPUTS NOT SHOWN 



Figure 10. AGND Bias Circuit 

Using an AC Reference 

In applications where Vref has AC signal components, 
the MAX500 has multiplying capability within the limits of 
the Vref input range specifications. Figure 1 1 shows a 
technique for applying a sine wave signal to the refer- 
ence input where the AC signal is biased up before being 
applied to Vref. Output distortion is typically less than 
0.1% with input frequencies up to 50kHz, and the typical 
-3dB frequency is 700kHz. Note that Vref must never be 
more negative than AGND. 



Figure 9. Bipolar Output Circuit 
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Generating Vss 

The performance of the MAX500 is specified for both dual 
and single supply (Vss = OV) operation. When the im- 
proved performance of dual supply operation is desired, 
but only a single supply is available, a -5V Vss supply can 
be generated using an ICL7660 in one of the circuits of 
Figure 12. 

Digital Interface Applications 

Figures 13 through 16 show examples of interfacing the 
MAX500 to most popular microprocessors. 



AC 

REFERENCE ,, 

input* — lr 



-w " 




' DIGITAL INPUTS NOT SHOWN 



VrefA/B 

rn ^ 

DAC B 



Vdd 

VqutB 



vss 

— P E 

-5V (OR GND) 



MAXS00- 
AGND DGNO 



•VoutB 



Figure 11. AC Reference Input Circuit 




Figure 12. Generating SVfor Vss 
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. V REf A/B 
V RE fC 
V REF 



• CONNECT LOAD T O P1 .3 FOR 3-WIRE MODE 
OR CONNECT LOAD TO V D D FOR 2-WIRE MODE 



Figure 13. 80C51 Interface 
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Figure 14. Z-80 with Z8420 PIO Interface 
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A15 
as 
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ADO 
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ADDRESS AND DATA BUS 



' CONNECT LfJADJO P1 .3 FOR 3-WIRE MODE 
OR CONNECT LOAD TO V o FOR 2-WIRE MODE 



A15 
All 



R/W 
e ORE 



ADDRESS BUS 



2£ 



ADDRESS 
DECODE 



652 


1 PAO 


C32 
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SDA 

MAX500 
LDAC 



DATA BUS 



• CONNECT LMLTO PI 3 FOR 3-WIRE MODE 
OR CONNECTLOAD TO V D D FOR 2-WIRE MODE 



Figure 15. 8085/8068 with Programmable Peripheral Interface 



Figure 16. 6809/6502 Interface 



. Chip Topography 
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Maxim cannot assume responsibility for use ot any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied. 
Maxim reserves the right to change the circuitry and specifications without notice at any time. 
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General Description 

The MAX543 is a 12-bit current-output multiplying 
digital-to-analog converter (DAC) that is packaged in 
a space-saving 8-pin DIP or 16-pin surface mount 
SO. Its 3-wire serial interface saves additional circuit 
board space and also results in low power dissipation. 
When used with microprocessors (yP) with a serial 
port, the MAX543 minimizes the digital noise feed- 
through from its input pins to its output. The serial 
port can be used as a dedicated analog bus and kept 
inactive while the MAX543 is in use. Serial interfacing 
also reduces the complexity of opto- or transformer- 
isolated applications. 

The MAX543 contains a 12-bit R-2R type DAC, a 
serial-in parallel-out shift register, a DAC register and 
control logic. On the rising edge of the clock (CLK) 
pulse the serial input (SRI) data is shifted into the 
MAX543. When all the data is clocked in . it is t rans- 
ferred into the DAC register by taking the LOAD input 
low. 

The MAX543 is specified both with a single +5V and 
+15V power supply. With a +5V supply, the digital 
inputs are TTL and +5V CMOS compatible. High 
voltage CMOS compatibility is maintained with a 
+15V supply. 

Maxim's MAX543 uses low tempco thin-film resistors 
laser trimmed to ±1/4 LSB linearity and better than 
±1 LSB gain accuracy. The digital inputs are protected 
against electrostatic discharge (ESD) damage and 
can typically withstand over 5,000V of ESD voltages. 

Applications 



Automatic Calibration 
Motion Control Systems 
fjP Controlled Systems 
Programmable Amplifiers/Attenuators 
Digitally Controlled Filters 

Functional Block Diagram 



Vref 



12-BIT 
D/A CONVERTER 



/vi/jxiyki 

MAX543 



Rfb 

pV> — - 



12-BIT 
DAC REGISTER 



LOAD 



12-BIT 
SHIFT REGISTER 



CLK 



Rfb 
■out 



Vdd 
GND 



♦ 12-Bit Accuracy in 8-Pin Mini-DIP 

♦ Fast 3-Wire Serial Interface 

♦ Low INL and DNL (±1/2 LSB Max) 

♦ Gain Accuracy to ±1 LSB Max 

♦ Low Gain Tempco (5ppm/°C Max) 

♦ Operates with +5V or +15V Supplies 

♦ TTL/CMOS Compatible 

♦ ESD Protected 



PART 


TEMP 


RANGE 


PACKAGE 


LINEARITY 


MAX543ACPA 


0°C 


to +70°C 


Plastic DIP 


±1/2 LSB 


MAX543BCPA 


o°c 


to +70°C 


Plastic DIP 


±1 


LSB 


MAX543ACWE 


o°c 


to +70°C 


Wide SO 


±1/2 LSB 


MAX543BCWE 


o°c 


to +70°C 


Wide SO 


±1 


LSB 


MAX543AEWE 


-40°C 


to +85°C 


Wide SO 


±1/2 LSB 


MAX543BEWE 


-40°C 


to +85°C 


Wide SO 


±1 


LSB 


MAX543BC/D 


0°C 


to +70°C 


Dice 


±1 


LSB 


MAX543AEJA 


-40°C 


to +85°C 


CERDIP 


±1/2 LSB 


MAX543BEJA 


-40°C 


to +85°C 


CERDIP 


±1 


LSB 


MAX543AMJA 


-55°C 


to +125°C 


CERDIP 


±1/2 LSB 


MAX543BMJA 


-55°C 


to +125°C 


CERDIP 


±1 


LSB 



All DIP 



are 8 leads; all SO packages are 16 leads. 



Pin Configurations 



Top View i 
Vref LI 
Rfb LI 

•out rx 

GND LT 


MAX543 


S V DD 
T) CLK 
T) SRI 
g LOAD 




DIP 




N.C. E 

n.c. LT 

Vref LX 
Rfb E 
Iout |T 
*GND LI 
'GND |T 
N.C. e 


yH^IXIyVI 

MAX543 


D N.C. 
HI N.C. 
SI Vdd 
H CLK 
SI SRI 
Jj] LOAD 
ig N.C. 
I] N.C. 




SO 




* Leads 6 and 7 must be connected together 
as close to the package as possible. 
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ABSOLUTE MAXIMUM RATINGS 

V DD to GND +17V 

Vref to GND ±25V 

Vrfb to GND +25V 

Digital Input Voltage to GND -0.3V, V D d + 0.3V 

Viout to GND -0.3V, V DD + 0.3V 

Power dissipation to +75°C (any package) 470mW 

Derate above +75°C by 6mW/°C 



Operating Temperature Ranges 

MAX543AC/BC 0°C to 70°C 

MAX543AE/BE -40°C to +85°C 

MAX543AM/BM -55°C to +125°C 

Storage Temperature -65°C to +150°C 

Lead Temperature (soldering 10 seconds) +300°C 



Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and 
tunctional operation ot the device at these or any other conditions above those indicated in the operational sections of the specilications is not 
implied. Exposure to absolute maximum rating conditions tor extended periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS 

(V D d = +5V, +12V or +15V; Vref = +10V; Viout = GND = 0V; over specified temperature range unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN TYP MAX 


UNITS 


STATIC PERFORMANCE 


Resolution 


N 




12 


Bits 


Integral Nonlinearity 


INL 


• 


MAX543A 
MAX543B 


±1/2 
±1 


LSB 


Differential Nonlinearity 


DNL 


Guaranteed monotonic 

to 12 bits 

over temperature 


MAX543A 
MAX543B 


±1/2 
±1 


LSB 


Gain Error 


FSE 


Using 

internal R F b 


T a = +25°C 


MAX543A 
MAX543B 


±1 
±2 


LSB 


Ta = T M | N to Tmax 


All 


±2 


Gain Tempco 
AGain/ATemp (Note 1) 


TCFS 


Using internal Rfb 


±1 ±5 


ppm/°C 


DC Supply Rejection 


PSR 


AVdd = ±5%. 


±0.001 


%/% 


DYNAMIC PERFORMANCE (Note 1) 


Current Settling Time 


ts 


To 1/2LSB. Iout load is 100O|| 
13pF. DAC register alternately 
loaded with all 1s and all 0s. 


Ta = +25°C 


0.25 1 


vs 


Digital to Analog Glitch 


Q 


Vref= 0V. Iout load is 100O.||13pF. 
DAC register alternately loaded with 
all 1s and all 0s 


2 20 


nV-s 


AC Feedthrough at loin- 


FTE 


Vref = ±10Vp-p at 10kHz. 
DAC register loaded with all 0s. 


0.4 1 


mVp-p 


Total Harmonic Distortion 


THD 


Vref = 6V rms at 1kHz. 

DAC register loaded with all 1s. 


-85 


dB 


Output Noise 
Voltage Density 


en 


10Hz to 100kHz. 

Measured between R F b and Iout- 


13 15 


nV/Hz 


REFERENCE INPUT 


Input Resistance 


RREF 


Vref pin to Iout 


7 11 15 


kO. 


Input Resistance Tempco 


TCR 




-200 


ppm/°C 



CMOS 12-Bit Serial Input 
Multiplying D/A Converter 

ELECTRICAL CHARACTERISTICS (Continued) 

(Vdd = + 5V, +12V or +15V; Vref = +10V; Viout = GND = OV; over specified temperature range unless otherwise noted.) 



PARAMETER SYMBOL CONDITIONS 


MIN TYP MAX 


UNITS 


ANALOG OUTPUT 


Iout Leakage Current 


Ilkg 


DAC register 
loaded with all Os. 


T A = +25°C 


±0.5 ±5 


nA 


Ta - Tmin 
to T MA x 


MAX543AC/BC/ 
AE/BE 


±25 


MAX543AM/BM 


±100 


Iout Capacitance (Note 1) 


Cout 


DAC register loaded with all Os. 


55 80 


PF 


DAC register loaded with all 1s. 


85 110 


DIGITAL INPUTS 


Input High Voltage 


V,H 




Vdd = +5V 
V DD = +15V 


2.4 
13.5 


V 


Input Low Voltage 


V,L 




Vdd = +5V 
Vdd = +15V 


0.8 
1.5 


V 


Input Leakage Current 


I IN 


Digital Inputs at OV or Vdd 


±1 


^^ 


Input Capacitance (Note 1) 


C|N 


Digital Inputs at OV or Vdd 


8 


PF 


SWITCHING CHARACTERISTICS (Note 2) 


CLK Pulse Width High 


tCH 




go 


ns 


CLK Pulse Width Low 


tCL 




120 


ns 


SRI Data to CLK Setup 


tDS 




40 


ns 


SRI Data to CLK Hold 


tDH 




80 


ns 


LOAD Pulse Width 


tLD 




120 


ns 


LSB CLK to LOAD 


ISL 







ns 


LOAD High to CLK 


He 







ns 


POWER SUPPLY 


Vdd Range 


Vdd 




Vdd = +12V or +15V 
Vdd = +5V 


+11.4 +15.75 
+4.75 +5.25 


V 


Idd Range 


Idd 


All digital inputs at Vil or Vih 


500 


/iA 


All digital inputs at OV or V d 


5 100 



Note 1: Guaranteed by design and not subject to test. 
Note 2: Sample tested at +25°C to ensure compliance. 
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"typical Operating Characteristics 



GAIN vs FREQUENCY 
(OUTPUT AMPLIFIER: MAX400) 



TOTAL HARMONIC DISTORTION 
vs FREQUENCY 
(MULTIPLYING MODE) 



SUPPLY CURRENT vs 
LOGIC INPUT VOLTAGE 




10k 100k 1M 
FREQUENCY (Hz) 



m 

S -60 



-120 



V D D = +5V 
VlN ; 6V RMS 
OUTPUT AMPLIFIER: MAX400 

T A ■ 25°C 



100 1k 10k 

FREQUENCY (H2) 



1.0 
0.8 



< 0.6 
E 



0.2 




-V DD = 








►5V 





















































































12 3 4 

V| N (VOLTS) 



LOGIC THRESHOLD VOLTAGE 
vs SUPPLY VOLTAGE 



LINEARITY ERROR vs 
DIGITAL CODE 



LINEARITY ERROR vs 
REFERENCE VOLTAGE 




5 7 9 11 
V DD (VOLTS) 



T A = +2. 
Vref ■ 


>°c 






nov 


















mm 


mm 


mm 


mm 































1024 2048 3072 409 
DIGITAL INPUT CODE (DECIMAL) 



6 8 
: (VOLTS) 



DNL ERROR vs 
REFERENCE VOLTAGE 




! 

§ -0-25 
-0.5 



2 4 6 8 10 

Vref (VOLTS) 
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Detailed Description 

D/A Converter 

The MAX543 DAC circuit consists of a laser trimmed, 
thin-film R-2R resistor array with NMOS current 
switches as shown in Figure 1. Binary weighted 
currents are switched to either I ut or G ND depend- 
ing on the status of each input data bit. Although the 
current at l OUT and GND depends on the digital input 
code, the sum of the two output currents are always 
equal to the input current at V REF . 

The current output l 0UT can be converted into a volt- 
age by adding an external output amplifier (Figure 3). 
The V REF input accepts a wide range of signals includ- 
ing fixed and time varying voltage or current inputs. If 
a current source is used for the reference input, then 
a low tempco external resistor should be used for R FB 
to minimize gain variation with temperature. 

The internal feedback resistor R FB is compensated 
with an NMOS switch that matches the NMOS switches 
used in the R-2R array. This results in excellent supply 
rejection and gain temperature coefficient. 

The l 0UT pin output capacitance, C uT' ' s code de- 
pendent and is typically 55pF with all switches to 
GND and 85pF with all switches to l 0UT . 

Digital Circuit 

Figure 2 shows the timing diagram for the MAX543. 
The MSB is always loaded first on the rising edge of 
clock. When all the data is shifted into the MA X543. 
the DAC register is loaded by taking the LO AD sign al 
low. The DAC register i s trans parent when L OAD is 
low and latched when LOAD is high. If the LOAD 
signal is taken low before the LSB bit is fully shifted 
into the shift register, the DAC o utput c an produce a 
"glitch". If this is undesirable, the LOAD signal can be 
delayed 30ns after the rising edge of the LSB clock 
edge to avoid this condition. 



Vref r r R 




-O lOUT 
3 GND 



I I 
DB11 DB10 DB9 
(MSB) 



Figure 1. Simplified D/A Circuit of MAX543 

The input buffer inverters of the MAX543 act as level 
shifters converting TTL levels into CMOS logic levels. 
These input buffers are TTL and +5V-CMOS compat- 
ible (0.8V and 2.4V) at V DD = +5V. For V DD = +15V the 
input buffers are CMOS compatible (1.5V and 13.5V). 
At this supply voltage the input buffers are in their 
linear region when the input voltages are between 1V 
and 6V. Therefore to minimize high supply currents, 
the digital input voltages should be kept as close to 
the supply and ground voltages (V DD and GND) 
as possible. 

Circuit Configurations 

Unipolar Operation 

Basic application of the MAX543 is shown in Figure 3. 
This circuit is used for unipolar operation or 2- 
quadrant multiplication. The code table for this mode 
is given in Table 1. Note that the polarity of the output 
is the inverse of the reference voltage, V REF . 



SRI 



CLK INPUT | 
1- 



LOAD SERIAL DATA 
INTO INPUT REGISTER 



L 



tSL"»- L- 



LOAD 

DATA LOADED MSB FIRST 



-Ilc 



Figure 2. Write Cycle Timing Diagram 
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Vref 



m Li 

100O I ■- 



1000 
_. 6 



+SV 
?8 



CLK- 



LOAD ■ 



Vref v dd 
Rfb 

'out 
MAX543 

GND 



"p5pF 2 




VOUT 



4 MAX400 



-15V 



F/gure 3. Unipolar Operation 

Table 1. Unipolar Binary Code Table for Circuit of 
Figure 3 



DIGITAL INPUT 
MSB LSB 


ANALOG OUTPUT 


1111 1111 1111 


-Vref 


4095 
4096 




1000 0000 0000 


-Vref 


2048 ' 
4096, 


Vref 
2 


0000 0000 0001 


" Vref ( 4096 




0000 0000 0000 






In many applications gain adjustment will not be 
necessary since the gain accuracy of the part is suf- 
ficient, or the gain is trimmed at the reference source. 
In these cases, resistors R1 and R2 in Figure 3 can be 
omitted. When trimming is used, and the DAC is 
operated over a wide temperature range, then low 
tempco (< 300ppm/°C) resistors should be used for 
R1 and R2. 

The capacitor C1 provides phase compensation and 
reduces overshoot and ringing when fast amplifiers 
are used at the output of the DAC. 

Bipolar Operation 

Figure 4 shows the MAX543 operating in the bipolar, 
or 4-quadrant multiplying mode. A second amplifier 
and three matched resistors (R3, R4 and R5) are 
required. These resistors must be of the same material 
(preferably metal film or wire-wound) for good tem- 
perature tracking characteristics (<15ppm/°C), and 
should match to 0.01% for 12-bit performance. The 
output code is offset binary and is listed in Table 2. In 



o3a 

Vref R1 



+5V 



Vdd Rfb 

Iout> 
Vref ynyjxiyw 
MAX543 gnd/j- 

CLK LOAD SRL 

-mr 




VOUT 

MAX400 



Figure 4. Bipolar Operation 

Table 2. Offset Binary Code Table for Circuit of 
Figure 4 



DIGITAL INPUT 
MSB LSB 


ANALOG OUTPUT 


1111 1111 1111 


+ V REF 


2047 
2048 




1000 0000 0001 


+ Vref 


1 

2048 




1000 0000 0000 





111 1111 1111 


"Vref 


2048, 




0000 0000 0000 


-Vref 


2048 
2048 




Table 3. 2's Complement Code Table 


DIGITAL INPUT 
MSB LSB 


ANALOG OUTPUT 


111 1111 1111 


+ VreF 


2047 
2048 




0000 0000 0001 


+ V RE f 


1 

2048 




0000 0000 0000 





1111 1111 1111 


-Vref 


-L 

2048 




1000 0000 0000 


-Vref 


2048 
2048 





2-18 



ynyjxi>n 



CMOS 12-Bit Serial Input 
Multiplying D/A Converter 



multiplying applications, the MSB determines output 
polarity while the other 11 bits control the amplitude. 
The MSB can be inverted in software using an 
exclusive-OR instruction to make the MAX543 work 
with 2's complement coding. Table 3 shows the code 
relationships to output voltage for the 2's complement 
operation. 

To adjust the circuit, load the DAC with a code of 
1000 0000 0000 and trim R1 for a 0V output. With R1 
and R2 omitted, an alternative zero trim is to adjust 
the ratio of R3 and R4 for 0V out. Full scale can be 
trimmed by loading the DAC with all "zeros" or all 
"ones" and adjusting the amplitude of V^ EF or varying 
R5 until the desired positive or negative output is 
obtained. In many applications the gain adjustment 
will not be necessary, especially when using parts 
with a guaranteed maximum ±1 LSB gain error. In 
these cases, the gain can be trimmed at the reference 
source and resistors R1 and R2 in Figure 4 omitted. 
However, if the trims are desired and the DAC is 
operated over a wide temperature range, then low 
tempco (<300ppm/°C) resistors should be used for 
R1 and R2. 

Single Supply Operation 
(Voltage Mode) 

The MAX543 can be conveniently used in single supply 
(voltage mode) operation with l OUT biased at any 
voltage between GND and V pD . logj must not be 
allowed to go 0.3V lower than the GND or 0.3V higher 
than V DD . Otherwise, internal diodes would turn on 
causing a high current flow from the supply which 
could damage the device. 

Figure 5 shows the MAX543 connected as a voltage 
output DAC. Iqut is connected to the reference voltage 
source and GND is grounded. The DAC output, now 
appears at the V R f F pin which has a constant im- 
pedance equal to trie reference input resistance (typ- 
ically 11kf5). This output should be buffered with an 
op amp when a lower output impedance is required. 
Rpg pin is not used in this mode. 

The input impedance of the reference input (Iout) ' or 
this mode is code dependent, and the response time 
of the circuit depends on the behavior of the reference 
source with changing load conditions. 





+15V 

> 22 1 




REFERENCE r 
VOLTAGE 


/ v DD 
~/' 0UT >M>*xiyM Vref 

\ MAX543 

\GND SRI CLK LOAD 


-J-O Vqut 




i? i 6 i 7 i 5 






15 VOLT CMOS DIGITAL INPUTS 



Figure 5. Single Supply Operation Using Voltage Switching 
Mode 



Two advantages of the voltage mode operation are 
single supply operation and that a negative reference 
is not required for a positive output. It should also be 
noted that the reference input (Iout) must always be 
positive and is limited to no more than 2.5V when V DD 
is 15V. If the reference voltage is greater than 2.5V or 
Vqq is reduced, resistance mismatches in the DAC's 
internal NMOS switches result in degraded integral 
(INL) and differential nonlinearity (DNL). 

The unipolar and bipolar circuits in Figures 3 and 4 
can all be converted to voltage output mode. 



MAX543 Opto-lsolated 
Application 

Figure 6A shows the MAX543 interface to optocoup- 
lers for isolated barrier applications. Three optocoup- 
lers (OC1 thru OC3) carry the serial data and clocking 
signals across the isolation barrier. Isolated power 
sources, V + and V", supply the MAX543, the output 
amplifier and optocouplers. If data word updates are 
infrequent, and large analog output transitions can be 
tolerated while serial data is being clocked in, then 
parts count can be reduc ed by eliminating optocoup- 
ler OC3 and tying LOAD (pin 5) of the MAX543 low. 

Using type 6N136 optocouplers this circuit accepts 
serial data at a maximum clock rate of 100k Hz, or 
130//S per data word. The SERIAL DATA and LOAD 
signals should change coincident with the falling edge 
of CLOCK, as shown in the timing diagram (Figure 
6B). A p ositive CLOCK cycle is masked during the 
time that LOAD is low. 

The MAX543 will also work with +5V isolated supplies 
using the optocoupler circuit of Figure 6A. The values 
of R1 through R3 should be changed to 3kf5 to main- 
tain switching speed with the lower value of V + . 

Current drawn from V" for the MAX543 and opto- 
coupler is 3.5mA at 100kHz clock rate when all data 
bits are set to zero. V + current drops to zero (exclud- 
ing reference and op amp current) when no new data 
is bei ng loaded and CLOCK, SERIAL DATA, and 
LOAD are static high. 

Microprocessor Interfacing 

Interfacing to the 8085 

Figure 7 shows the MAX543 interfacing to the 8085 
microprocessor. The SOD line from the 8085 is used 
to send serial data to the DAC. This data is clocked 
into the MAX543 by executing memory write instruc- 
tions. The CLK input for the DAC can be generated 
by decoding address 8000 and the WR signal. The 
data is transferred into the DAC register with a m emory 
write instruction to address A000 which brings LOAD 
low. The data for the MAX543 is stored in the right- 
justified format in registers H and L of the 8085. 
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Figure 6A. MAX543 Opto-coupled Application 



DATA XX X XX X B1 X B2 X B3 X B4 X B5 X B6 X B7 X B8 y B9 X B10 X B11 X B12 X XX X 81 
(MSB) (LSB) 


LOAD 

IDLE 


WORD N 


WORD 
N ♦ 1 



Figure 6B. MAX543 Opto-lsolated Timing 
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Figure 7. MAX543 - 8085 Interface 

Interfacing to the MC6800 

Figure 8 shows the MAX543 interfacing to the MC6800 
microprocessor. The data is transferred into the 
MAX543 by executing successive memory WRITE 
instructions while changing the data between WRITES 
to construct the serial data to the DAC. 

The DB7 data line is used for the SRI signal. The lower 
half of the memory location 0000 holds the four MSB 
data bits, and the 0001 location holds the eight LSB 
data bits. The memory address 2000, R/W, and 02 are 
decoded to generate the CLK signal for the DAC with 
each memory WRITE. Similarly, a memory WRITE to 
address 4000 transfers data in to the DAC register by 
bringing the MAX543's LOAD input low. 

Application Information 

Output Amplifier Offset 

For best linearity, l 0UT and GND should be terminated 
at exactly 0V. In most applications Iq UT is connected 
to the summing junction of an inverting op amp. The 
input offset voltage of the amplifier can degrade the 
linearity of the DAC by causing Iq UT to be terminated 
to a non-zero voltage. The resulting error is: 

Error Voltage = V os (1 + R FB /Ro) 

where V os is the op amp's offset voltage and R is the 
output resistance of the DAC. R is a function of the 
digital input code, and varies from approximately 
11 kO to 33kO. The error voltage range is then typically 
4/3V 0S to 2V 0S , a change of 2/3V 0S . An amplifier with 
3mV of offset will, therefore, degrade the linearity by 
2mV, almost a full LSB with a 10V reference voltage. 
For best linearity, a low-offset amplifier such as the 
MAX400 should be used, or the amplifier offset must 
be trimmed to zero. A good rule of thumb is that V s 
should be no more than 1/10LSB. 
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Figure 8. MAX543 - MC6800 Interface 

The output amplifier input bias current (l B ) can also 
limit performance since l B * R FB generates an offset 
error. I B should, therefore, be much less than the DAC 
output current for 1 LSB, typically 250nA with V REF = 
10V. One tenth of this value, 25nA, is recommended. 
Offset and linearity can also be impaired if the output 
amplifier noninverting input is grounded through a 
"bias current compensation resistor." This resistor 
adds to the offset at this pin and should not be used. 
Best performance is obtained when the noninverting 
input is directly connected to ground. 

Dynamic Considerations 

In static or DC applications, the AC characteristics of 
the output amplifier are not critical. In higher speed 
applications, where either the reference input is an 
AC signal or the DAC output must quickly settle to a 
new programmed value, the AC parameters of the 
output op amp must be considered. 

Another error source in dynamic applications is para- 
sitic coupling of signal from the V REF pin to l 0UT . 
This normally is a function of board layout and lead- 
to-lead package capacitance. Noise signals can also 
be injected into the DAC outputs when the digital 
inputs are switched. This digital feedthrough is usually 
dependent on circuit board layout and on-chip capac- 
itive coupling. Layout induced feedthrough can be 
minimized with guard traces between digital inputs, 
V REF , and Iqut Pins. 

The D AC output follows the digital inputs when the 
LOAD pin is low. In this mode invalid outputs and 
voltage glitche s can appear at the DAC output. Keep- 
ing the LOAD input high until all the data is shifted 
into the MAX543 eliminates this problem. 
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Compensation 

A compensation capacitor, C1, may be required when 
the DAC is used with a high speed output amplifier. 
The purpose of the capacitor is to cancel the pole 
formed by the DAC output capacitance, C ut. and tne 
internal feedback resistor, R FB . Its value depends on 
the type of op amp used but typically ranges from 
"lOpF to 33pF. Too small a value causes output ringing 
while excess capacitance overdamps the output. The 
size of C1 can be minimized and the output voltage 
settling time improved by keeping the circuit board 
trace and stray capacitance at l 0UT as low as possible. 

Grounding and Bypassing 

Since l 0UT and the noninverting input of the output 
amplifier are sensitive to offset voltages, nodes that 
are to be grounded should be connected directly to 
"single point" ground through a separate, low resis- 
tance (less than 0.2O) connection. The current at 
'out anc ' GND varies with input code, creating a code 
dependent error if these terminals are connected to 
ground (or a "virtual ground") through a resistive path. 

A 1/jF bypass capacitor, in parallel with a 0.01/yF 
ceramic capacitor, should be connected across the 
DAC Vqq and GND as close to the pins as possible. 

The MAX543 has high impedance digital inputs. To 
minimize noise pick-up, they should be tied to either 
V DD or GND when not used. It is good practice to 
connect active inputs to V DD or GND through high 
valued resistors (1MQ) to prevent static charge 
accumulation if the pins are left floating, such as 
when a circuit card is left unconnected. 



Chip Topography 




(2.64mm) 



Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. 
Maxim reserves the right to change the circuitry and specifications without notice at any time. 
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INTRODUCTORY 

SPECIHCHiONS BASED ON EVALUATION OF LIMITED NUMBER OF DEVICES 



General Description 

The MAX674 is a precision voltage reference that is 
pretrimmed to within +0.15% of 10V. The reference 
features excellent temperature stability (as low as 
12.0ppm/°C guaranteed), low current drain and low 
noise. It is supplied in the space-saving narrow Small 
Outline package, as well as, the standard 8-pin TO-99 
Metal Can, Plastic DIP and CERDIP packages. 



Applications 



A/D Converters 
D/A Converters 
Digital Voltmeters 
Voltage Regulators 
Threshold Detectors 



Pin Configuration 



Top View 




N.C. 




N.C. 




)H.C. 


WIN 


(2 




© VOUT 


N.C. 




> TRIM 






GROUND 








(CASE) 




TO-99 Metal Can 










N.C. \T 


• 


7J N.C. 


VlN g 






H N.C. 


N.C. E 






U VOUT 


GND [7 






H TRIM 




DIP/CERDIP 


K:CQT 






in n.c. 


VinQZ 






UJ N.C. 


N.C. CK 






ID VOUT 


GND LH 






HI TRIM 


Small Outline 



yi/iyjxiyn 
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Voltage Reference 

Features 



♦ Pretrimmed to +10V, +0.15% 

♦ Excellent Temperature Stability: 12ppm/°C 

♦ Low Noise: 20fj\l p . p 

♦ Low Supply Current: 1.4mA Max 

♦ Short-Circuit Proof 

♦ Load Regulation 0.001 "v/m A 

♦ Pin-For-Pin Compatible with REF01 

Ordering Information 



PART 


TEMP. 

PACKAGE* COEFFICIENT 

ppm/°C 


INITIAL 
ERROR 
mV 


TEMP. RANGE: 


0°Cto+70°C 






MAX674CTV 


TO-99 


12 


15 


MAX674CPA 


Plastic DIP 


12 


15 


MAX674CSA 


Narrow SO 


12 


15 


TEMP. RANGE: 


-40°Cto+85°C 






MAX674ETV 


TO-99 


15 


15 


MAX674EJA 


CERDIP 


15 


15 


MAX674EPA 


Plastic DIP 


15 


15 


MAX674ESA 


Narrow SO 


15 


15 


TEMP. RANGE: 


-55°Cto+125°C 




MAX674MTV 


TO-99 


20 


15 


MAX674MJA 


CERDIP 


20 


15 



'All devices — 8-pin packages 

Topical Operating Circuit 



15V 



VlN 

MAX674 



GND 



TRIM 



-O OUTPUT 



Rp 

lOkil 



Reference with Trimmed Output 



yuiyjxiyfi 
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+ 1 V Precision 



ABSOLUTE MAXIMUM RATINGS 

Input Voltage 40V 

Power Dissipation 

TO-99 (TV) (Derate at 7.1 mW/'C above +80°C) 500mW 

CERDIP (J) (Derate at 6.7mW/°C above +75°C) 500mW 

Plastic DIP (P) (Derate at 5.6mW/°C above +36°C) 500mW 

Narrow Small Outline (S) 

(Derate at 5.0mW/°C above +55°C) 300mW 

Storage Temperature Range -65°C to +150°C 



Operating Temperature Range 

MAX674C 0°CtO+70°C 

MAX674E -40°C to +85°C 

MAX674M -55°C to +125°C 

Lead Temperature (Soldering, 60 sec) +300°C 

DICE Junction Temperature (T|) . . . -65°C to +150°C 

Output Short-Circuit Duration 
(to Ground or Vin) Indefinite 



Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions above those indicated in the operational sections ol the specification is not implied. 
Exposure to absolute maximum rating conditions lor extended periods may affect the device reliability. 

ELECTRICAL CHARACTERISTICS (Vin = H5V, T A = +25°C. unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN TYP MAX 


UNITS 


Output Voltage Tolerance 




ll_ = 0mA 


+ 15 


mV 


Output Voltage 
Change with 
Temperature 


TCV 


MAX674CTV/CPA/CSA 

MAX674ETV/EJA/EPA/ESA 

MAX674MTV/MJA 


12 
15 
20 


ppm/°C 


Output Adjustment Range 


Vtrim 


Rp = 10 


±300 ±600 


mV 


Line Regulation (Note 1) 




Vin = 13V to 33V 


0.006 0.01 


%/V 


Load Regulation (Note 1) 




II = to 10mA 


0.001 0.002 


%/mA 


Turn-on Settling Time 


tON 


To ±0.1% of final value 


5 


flS 


Quiescent Supply Current 


|Q 


No load 


750 1400 


M 


Noise (Note 2) 


en P-P 


0.1Hz to 10Hz 


20 30 


ArVp-p 


Sink Current 


is 




-0.3 -0.5 


mA 


Short-Circuit Current 


isc 


v = o 


30 


mA 



s 1: Line and Load Regulation specifications include the effect of self heating. 
Note 2: Noise is sample tested. 
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Output Adjustment 

The MAX674 trim terminal can be used to adjust the 
output voltage over a 10V + 300mV range. This feature 
allows system errors to be trimmed by setting the 
reference to a voltage other than 10V such as 10.240V 
for binary applications (see "Typical Operating Circuit" 



+ 10V Precision 
Voltage Reference 

on first page). The trim terminal may, of course, be left 
open if no adjustment is needed. 

Adjustment of the output does not significantly affect 
the temperature performance of the device. The tem- 
perature coefficient change is approximately 0.7ppm/°C 
for 100mV of output adjustment from its initial value. 



Typical Operating Characteristics 
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Typical Applications 



i 

— 9 

X 

~ 9 

L 



/vi/ixi/fi 

MAX674 



Figure 2. Precision Calibration Standard 



• 1 00k ! ) 1 0.000V 



♦ 15V 



Via 



JV\ A X I /V\ 

MAX674 



5k!! 




Figure 3. HOV Reference 




Maxim cannot assume responsibility lor use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied 
Maxim reserves the right to change the circuitry and specifications without notice at any time. 
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INTRODUCTORY 

SPECIFICATIONS BASED ON EVALUATION OF LIMITED NUMBER OF DEKICES 



ynyjxiyn 

+5V Precision 



General Description 

The MAX675 is a precision voltage reference that is 
pretrimmed to within +0.15% of 5V. The reference 
features excellent temperature stability (as low as 
12.0ppm/°C guaranteed), low current drain and low 
noise. It is supplied in the space-saving narrow Small 
Outline package, as well as, the standard 8-pin TO-99 
Metal Can, Plastic DIP and CERDIP packages. 



Applications 



Features 



A/D Converters 
D/A Converters 
Digital Voltmeters 
Voltage Regulators 
Threshold Detectors 



Pin Configuration 



Top View 



N.C. 




GROUND 
(CASE) 

TO-99 Metal Can 




DIP/CERDIP 



N.C.QI 
V|N QI 

tempQI 

GND CE 



ID N.C. 

ZD n.c. 
ID v 0UT 

ID TRIM 



Small Outline 



♦ Pretrimmed to +5V, +0.15% 

♦ Excellent Temperature Stability: 1 2ppm " C 

♦ Low Noise: 10/uV p _ p 

♦ Low Supply Current: 1.4mA Max 

♦ Short-Circuit Proof 

♦ Load Regulation 0.001 %/m A 

♦ Pin-For-Pin Compatible with REF02 

Ordering Information 



PART 


TEMP. 

PACKAGE* COEFFICIENT 

ppm/°C 


INITIAL 
ERROR 
mV 


TEMP. RANGE: 


0°Cto+70°C 






MAX675CTV 


TO-99 


12 


7 


MAX675CPA 


Plastic DIP 


12 


7 


MAX675CSA 


Narrow SO 


12 


7 


TEMP. RANGE: 


-40°Cto +85° C 






MAX675ETV 


TO-99 


15 


7 


MAX675EJA 


CERDIP 


15 


7 


MAX675EPA 


Plastic DIP 


15 


7 


MAX675ESA 


Narrow SO 


15 


7 


TEMP. RANGE: 


-55°Cto+125°C 






MAX675MTV 


TO-99 


20 


7 


MAX675MJA 


CERDIP 


20 


7 



'All devices — 8-pin packages 

typical Operating Circuit 



+15V 
2 



VlN 



v 



TEMP 

MAX675 

TRIM 
GND 



-O OUTPUT 



Rp 
10kO 



Reference with Trimmed Output 



/Viyjxi^ki 

/hxjxi/h is a registered trademark of Maxim Integrated Products. 
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Voltage Reference 

ABSOLUTE MAXIMUM RATINGS 

Input Voltage 40V 

Power Dissipation 

TO-99 (TV) (Derate at 7.1 mW/°C above +80°C) 500mW 

CERDIP (J) (Derate at 6.7mW/°C above +75°C) 500mW 

Plastic DIP (P) (Derate at 5.6mW/°C above +36°C) 500mW 

Narrow Small Outline (S) 

(Derate at 5.0mW/°C above +55°C) 300mW 

Storage Temperature Range -65°C to +150°C 



Operating Temperature Range 

MAX675C 0°Cto+70°C 

MAX675E -40°C to +85°C 

MAX675M -55°C to +125°C 

Lead Temperature (Soldering, 60 sec) +300°C 

DICE Junction Temperature (T|) . . . -65°C to +150°C 

Output Short-Circuit Duration 
(to Ground or Vin) Indefinite 



Stresses above those listed under "Absolute Maximum Ratings ' may cause permanent damage to the device. These are stress ratings only, and 
lunctional operation ol the device at these or any other conditions above those indicated in the operational sections ot the specilication is not implied. 
Exposure to absolute maximum rating conditions lor extended periods may atlect the device reliability. 

ELECTRICAL CHARACTERISTICS (V, N ■ +15V, T A = +25°C. unless otherwise noted ) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Output Voltage Tolerance 




ll_ = 0mA 


±7 


mV 


Output Voltage 
Change with 
Temperature 


TCV 


MAX675CTV/CPA/CSA 

MAX675ETV/EJA/EPA/ESA 

MAX675MTV/MJA 


12 
15 
20 


ppm/°C 


Output Adjustment Range 


Vtrim 


Rp= 10 


+150 


+300 




mV 


Line Regulation (Note 1) 




Vin = 8V to 33V 




0.006 


0.01 


%/V 


Load Regulation (Note 1) 




II = Oto 10mA 




0.001 


0.002 


%/mA 


Turn-on Settling Time 


tON 


To ±0.1% of final value 


5 


Ais 


Quiescent Supply Current 


IQ 


No Load 




750 


1400 


//A 


Noise (Note 3) 


enp-p 


0.1Hz to 10Hz 




10 


15 


y"Vp-p 


Sink Current 


is 




-0.3 


-0.5 




mA 


Short-Circuit 


isc 


V O = 


30 


mA 


Current Temperature 
Voltage Output 


v T 


(Note 2) 


630 


mV 



Note 1: Line and Load Regulation specifications include the effect of self heating. 
Note 2: Limit current in or out of pin 3 to 50nA and capacitance on pin 3 to 30pF. 
Note 3: Noise is sample tested. 
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Output Adjustment 

The MAX675 trim terminal can be used to adjust the 
output voltage over a 5V ± 150mV range. This allows 
system errors to be trimmed by setting the reference to 
a voltage other than 5V such as 5.120V for binary 
applications (see "Typical Operating Circuit" on first 
page). The trim terminal may, of course, be left open if 
no adjustment is needed. 

Adjustment of the output does not significantly affect 
the temperature performance of the device. The tem- 
perature coefficient change is approximately 0.7ppm/° C 
for each 100mV of output adjustment from its initial 
value. 

Temperature Voltage Output 

The MAX675 provides a temperature dependent output 
voltage on the TEMP pin. This voltage is proportional to 
the absolute temperature, and has a scale factor of 
approximately 2.1mV/°C (Figure 2). 

Output Voltage = 2.1 (T + 273) mV 
where T = Temperature in °C 
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Figure 2. MAX675 Temperature Voltage Output vs. Temperature 



typical Operating Characteristics 



LINE REGULATION 
vs FREQUENCY 



MAX675 OUTPUT WIDEBAND 
NOISE vs BANDWIDTH (0.1H* 
TO FREQUENCY INDICATED) 



MAXIMUM LOAD CURRENT 
vs INPUT VOLTAGE 





SHORT 


CIRCUIT PRO 


TECTI0N 










x 






500mW 
OISSIW 


TI0N 
































T, = 25°C 



15 20 
IMLTSI 



MAXIMUM LOAD CURRENT OUTPUT CHANGE DUE TO 

vs TEMPERATURE THERMAL SHOCK 
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TEMPERATURE |°C| TIME ISECI 
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Typical Applications 



-1.1mA 



7 



.^9V 

T 



VlN 
TEMP V 

AH si X I /VI 

MAX675 

TRIM 
GND 



-o + 



>100kn 5.000V 



Figure 3. Precision Calibration Standard 



VlN 

Vo 


6 








M/W675 




TEMP TRIM 


5 


GND 





n l UT=.L°Y+1mA 
R 



TIout 

VOLTAGE COMPLIANCE -25V to +8V 



Figure 5. Current Source 



+15V 
12 



VlN 



M/AX675 



TEMP 
GND 



-O +5V 



5kO 
-VSv- 





10kO 




0+15V 




2 








^"0> 





-5V 



Figure 4. tSV Reference 



0+15V 




VOUT 

10mV/°C) 
MAX400 



'UP TO 10 FEET OF SHIELDED - 
4-CONDUCTOR CABLE. 



Figure 6. Precision Temperature Transducer with Remote Sensor 

Chip Topography 



VOUT 




TRIM 



Maxim cannot assume responsibility lor use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied 
Maxim reserves the right to change the circuitry and specifications without notice at any time. 
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Op Amps/Buffers/Comparators 



MAX9685 Ultra-Fast ECL Output Comparator with Latch Enable 4-1 

MAX9686 Very Fast TTL Latched Output Comparator 4-5 

MAX9687 Dual Ultra-Fast ECL Output Comparator 4-9 

MAX9690 Ultra-Fast ECL Output Comparator . 4-13 

MAX9698 Very Fast TTL Latched Output Comparator 4-5 

MAX402 High-Speed, Low-Power Op Amp 4-17 

MAX403 High-Speed, Low-Power Op Amp 4-17 

MAX408 Single High-Speed, High Output Current Op Amp 4-19 

MAX425 Ultra High-Precision CMOS Op Amp 4-31 

MAX426 Ultra High-Precision CMOS Op Amp 4-31 

MAX428 Dual High-Speed, High Output Curent Op Amp 4-19 

MAX430 ±15V Chopper Stabilized Operational Amplifier 4-33 

MAX432 Low Power, ±15V Chopper Stabilized Operational Amplifier 4-33 

MAX448 Quad High-Speed, High Output Current Op Amp 4-19 

MAX452 50MHz CMOS Video Amplifier 4-41 

MAX453 2 Channel 50MHz Video Multiplexer/Amplifier 4-41 

MAX454 4 Channel 50MHz Video Multiplexer/Amplifier 4-41 

MAX455 8 Channel 50MHz Video Multiplexer/Amplifier 4-41 

MAX456 8x8 Crosspoint Video Switch 4-49 

MAX457 Dual CMOS Video Amplifier 4-51 

MAX480 High-Precision, Low Voltage, Micropower Op Amp 4-55 

MAX900 High-Speed, Low-Power Quad Voltage Comparator 4-61 

MAX901 High-Speed, Low-Power Quad Voltage Comparator 4-61 
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INTRODUCTORY 

SPECIFICATIONS BASED ON EVALUATION OF LIMITED NUMBER OF DEVICES 




General Description 

The MAX9685 is an ultra-fast ECL comparator manufac- 
tured with a high-frequency bipolar process (ft- = 6GHz), 
which is capable of very short propagation delays while 
maintaining the excellent DC matching characteristics 
normally found only in slower comparators. 

The device is pin compatible with the AD9685 and 
Am6685, but it exceeds the AC characteristics of these 
devices. 

The MAX9685 has differential inputs and complementary 
outputs fully compatible with ECL logic levels. Output 
current levels are capable of driving 50iJ terminated 
transmission lines. The ultra-fast operation makes signal 
processing possible at frequencies in excess of 600MHz. 

A Latch Enable function is provided to allow the compa- 
rator to be used in a sample-hold mode. When the Latch 
Enable is ECL high, the comparator functions normally. 
When the Latch Enable is driven ECL low, the outputs are 
forced to an unambiguous ECL logic state dependent on 
the input conditions at the time of the Latch input transi- 
tion. If the Latch Enable function is not used, the LE pin 
must be connected to ground. 

Applications 

High-Speed A/D Converters 
High-Speed Line Receivers 
Peak Detectors 
Threshold Detectors 
High-Speed Triggers 



/l/l/JXI/l/l 

ECL Output Comparator 
with Latch Enable 

Features 

♦ 1 .3ns Propagation Delay 

♦ 0.5ns Latch Setup Time 

♦ +5V, -5.2V Power Supplies 

♦ Pin Compatible with AD9685, Am6685 

♦ Available in Commercial and Military Temp. 
Ranges 

♦ Available in Narrow SO Package 



Ordering Information 



PART 


TEMP. RANGE 


PIN-PACKAGE* 


MAX9685CPE 


0"C to +70°C 


16 Plastic DIP 


MAX9685CSE 


0"C to +70°C 


16 Narrow SO 


MAX9685CJE 


0"C to +7LVC 


16 CERDIP 


MAX9685CTW 


O'Cto +7LTC 


10 TO- 100 Can 


MAX9685C/D 


O'C to +70'C 


Dice 


MAX9685MJE 


-55*C to +125"C 


16 CERDIP 


MAX9685MTW 


-55"Cto +125*C 


10 TO- 100 Can 



'Consult factory for availability of 20 Pin LCC. 



Pin Configurations 



Top View 

GND1 




TO-100 Metal Can DIP/SO 



/m/ixi/m is a registered trademark of Maxim Integrated Products. 
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Ultra-Fast ECL Output Comparator 
with Latch Enable 



Operating Temperature Range: 

Commercial (MAX9685C) O'C to +7CTC 

Military (MAX9685M) -55°C to +125'C 

StorageTemperature Range -55"C to + 1 50*C 

Lead Temperature (Soldering, 10 sec.) 300*C 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltages ±6V 

Power Dissipation (Note 1 ) 336mW 

Output Short-Circuit Duration Indefinite 

Input Voltages ±5V 

Differential Input Voltages 3.5V 

Output Current 30mA 

Note 1 : Power derating above Ta = 70'C is based on a maximum junction temperature of 150'C and the thermal resistance factors of 
8x = 75"C/W and 8ja = 145*C/W. For SO Gjc = 60*C/W and Gja = 1 10'C/W. For TO- 100 © Jc = 45"C/W and 0ja = 150"C/W. 
Stresses beyond those listed under 'Absolute Maximum Ratings' may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect the device reliability. 

ELECTRICAL CHARACTERISTICS (V+ = 5V. V- = -5.2V, Rl = 50£i, Vt = -2V, Ta = +25"C, unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MAX9685C 


MAX9685M 


UNITS 


MIN TYP MAX 

Ivllfi 111 ivmA 


MIN TYP MAX 

IVIII'I III ivinA 


Input Offset Voltage 


Vos 


Rs=100« t a = +25°C 

Ta = MIN to MAX 


+ 5 +5 
-7 +7 


-5 +5 
-8 +8 


mV 


Temperature Coefficient 


AVos/AT 




10 


15 


uV/'C 


Input Offset Current 


los 


Ta = +25'C 

Ta = MIN to MAX 


5 
8 


5 
12 


uA 


Input Bias Current 


Ib 


Ta = +25'C 

Ta = MIN to MAX 


10 20 
30 


10 20 
40 


H* 


ii i|jul vuiictyt; ndi iyc 


VCM 


(Note 9) 


-2.5V +2.5V 


-2.5V +2.5V 


V 


Common-Mode Rejection Ratio 


CMRR 




80 


80 


dB 


Power-Supply Rejection Ratio 


PSRR 




60 


60 


dB 


Input Resistance 


RlN 


(Note 2) 


60 


60 


k£2 


Input Capacitance 


ClN 




3 


3 


pF 


Logic Output High Voltage 


Voh 


Ta = MIN 
Ta = MAX 
Ta = +25°C 


-1.05 -0.87 
-0.89 -0.70 
-0.96 -0.81 


-1.16 -0.89 
-0.88 -0.69 
-0.96 -0.81 


V 


Logic Output Low Voltage 


Vol 


Ta = MIN 
Ta = MAX 
Ta = +25"C 


-1.89 -1.65 
-1.83 -1.57 
-1.85 -1.65 


-1.90 -1.65 
-1.82 -1.55 
-1.85 -1.65 


V 


Positive Supply Current 


Ice 


T A = +25'C 

Ta = MIN to MAX 


16 22 
24 


16 22 
25 


mA 


Negative Supply Current 


Iee 


T A = +25"C 

Ta = MIN to MAX 


20 32 
36 


20 32 
37 


mA 


Input to Output High 
(Notes 2 and 3) 


tpd+ 


Ta = +25'C 

0°C < Ta < +70°C 

-55 - C<T A <+125°C 


1.3 1.8 
1.5 2.0 


1.3 18 
1.7 2.4 


ns 


Input to Output Low 
(Notes 2 and 3) 


tpd- 


Ta = +25°C 

O'C < Ta < +70'C 

-55*C<T A <+125 - C 


1.3 1.8 
1.5 2.0 


1.3 1.8 
1.7 2.4 


ns 


Latch Enable to 
Output High 
(Notes 2 and 3) 


tpd + (E) 


Ta = +25"C 

0"C<Ta<+70°C 

-55*C<T a <+125'C 


1.2 1.7 

1.4 2.0 


1.2 1.7 
2.0 3.0 


ns 


Latch Enable to 
Output Low 
(Notes 2 and 3) 


tpd- (E) 


Ta = +25'C 
0°C<Ta< +70°C 
-55*C<T A < +125'C 


1.2 1.7 
1.4 2.0 


1.2 1.7 
2.0 3.0 


ns 


Latch Enable Pulse Width (Note 2) 
Min Set-up Time 
Min Hold time 


tow(E) 

ts 
th 


T A = + 25'C 


3.0 2.0 

0.5 1.0 
0.5 1.0 


3.0 2.0 

0.5 1 .0 
0.5 1.0 


ns 



Note 2: Guaranteed by design, not tested. 
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3: V,n = 100mV, Vod= 10 mV. 
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Ultra-Fast ECL Comparator 
with Latch Enable 



Application Information 

Layout 

Because of the large gain-bandwidth characteristic of the 
MAX9685, special precautions need to be taken if the 
high-speed capabilities of the device are to be utilized. 
A PC board with ground plane should be considered 
mandatory. All decoupling capacitors should be 
mounted as close as possible to the power-supply pins, 
and the ECL outputs should be processed in microstrip 
fashion consistent with the load termination of 50Q to 
120£1. For low impedance applications, microstrip layout 
at the input may also be helpful. Close attention should 
be paid to the bandwidth of the decoupling and terminat- 
ing components. Chip components to minimize lead 
inductance can be used to advantage here. An unused 
LE pin must be connected to ground. 

Input Slew Rate Requirements 

As with all high-speed comparators, the high gain- 
bandwidth product of these devices creates oscillation 
problems when the input traverses through the linear 
region. For clean switching without oscillation or steps in 
the output waveform, the input must meet certain mini- 
mum slew rate requirements. The tendency of the part 
to oscillate is a function of the layout and the source 
impedance of the circuit employed. Poor layout and 
larger source impedance will increase the minimum slew 
rate requirement. 

Figure 1 shows a high-speed receiver application with 
5012 input and output termination. With this configura- 
tion, in which a ground plane and microstrip PC board 
were used, the minimum slew rate for clean output switch- 




Figure 1. Regenerative Feedback. High-speed receiver with 
50S1 input and output termination. 



ing is 1 .6V/u.s. Sine wave inputs imply a minimum signal 
size of 360mVrms at 500kHz and 90mVrms at 4MHz. 

SlewRate 

In many applications, the addition of regenerative feed- 
back will assist the input signal through the linear region, 
which will lower the minimum slew rate requirement con- 
siderably. For example, with the addition of positive feed- 
back components Rf = 1k£2 and Cf = 10pF, the minimum 
slew rate requirement can be reduced by a factor of 4. 

The timing diagram (Figure 3) illustrates worst-case condi- 
tions in representing the series of events to complete the 
compare function. 

The top line of the diagram illustrates 2 latch enable 
pulses. Each pulse is high for the compare function and 
low for the latch function. The first pulse demonstrates 
the compare function; part of the input action takes place 
during the compare mode. The second pulse demon- 
strates a compare function interval during which there is 
no change in the input. 

The leading edge of the input signal, illustrated as a large 
amplitude, small overdrive pulse, switches the compara- 
tor after time interval t pt j. Output Q and Q transistors are 
essentially similiar in timing. The input signal must occur 
at time ts before the latch falling edge, and it must be 
maintained for the time th after the edge to be acquired. 
After th, the output is no longer affected by the input status 
until the latch is again strobed. A minimum latch pulse 
width of tpw(E) is needed for the strobe operation, and the 
output transitions occur after a time t pc j(E). 



Input Output 
20mv/div 500mv/div 2ns/div 




Figure 2 As a high-speed receiver, the MAX9685 is capable of 
processing signals in excess of 600MHz. Figure 2 is a 100MHz 
example with an input signal level of UmVrms. 
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Ultra-Fast ECL Output Comparator 
with Latch Enable 



Vos Input Offset Voltage - The voltage required 
between the input terminals to obtain OV differ- 
ential at the output. 

Vin Input Voltage Pulse Amplitude 

Voo Input Voltage Overdrive 

t pc j+ Input to Output High Delay -- The propagation 
delay measured from the time the input signal 
crosses the input offset voltage to the 50% 
point of an output low to high transition. 

t P d- Input to Output Low Delay -- The propagation 
delay measured from the time the input signal 
crosses the input offset voltage to the 50% 
point of an output high to low transition. 

t P d+(E) Latch Enable to Output High Delay -- The prop- 
agation delay measured from the 50% point of 
the Latch Enable signal low to high transition to 
the 50% point of an output low to high transition. 



Definition of Terms 

tpd-(E) Latch Enable to Output Low Delay -- The prop- 
agation delay measured from the 50% point of 
the Latch Enable signal low to high transition to 
the 50% point of an output high to low transition. 

tpw(E) Minimum Latch Enable Pulse Width - The min- 
imum time the Latch Enable signal must be 
high to acquire and hold an input signal. 

t s Minimum Setup Time - The minimum time be- 

fore the negative transition of the Latch Enable 
pulse that an input signal must be present to 
be acquired and held at the outputs. 

th Minimum Hold Time - The minimum time after 

the negative transition of the Latch Enable sig- 
nal that an input signal must remain unchanged 
to be acquired and held at the output. 



Latch 
Enable ■ 



_r 



Compare 



Latch 



Differential 
Input 
Voltage 



i 



V|N 

T 



Q 



* ► 



l V OD / 



► 



t 



<pd 



f 



50% 



- V OS 



- 50% 



- -- 50% 



Figure 3. Timing Diagram. 
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INTRODUCTORY .... „ ._ ._ 

Very Fast TTL Latched Output Comparators 



General Description 

The MAX9686 (Single) and MAX9698 (Dual) are very fast 
latched TTL comparators manufactured with a high-fre- 
quency bipolar process (fT = 6GH2). They are capable of 
very short propagation delays, yet maintain the excellent 
DC characteristics normally found only in slower compara- 
tors. The MAX9698 is a dual version of the MAX9686. 

The MAX9686 is pin compatible with the LT1016 and 
Am686. but exceeds the AC characteristics of these 
devices. 

The MAX9686/MAX9698 have differential inputs and 
complementary outputs that are fully compatible with TTL 
logic levels. Extremely short propagation delays allow 
signal processing at frequencies in excess of 200MHz. 

When the Latch Enable input goes high, the outputs go 
to the states defined by the inputs at the time of the latch 
transition. The outputs remain latched as long as the LE 
pin remains high. If Latch Enable is not used, LE is tied 
to ground. 

Applications 

High-Speed A/D Converters 
. High-Speed Line Receivers 
Peak' Detectors 
Threshold Detectors 
High-Speed Triggers 



Features 

♦ 6ns Propagation Delay 

♦ 2ns Latch Setup Time 

♦ ±5V Power Supplies 

♦ Pin Compatible to LT1 01 6, Am686 (MAX9686) 

♦ Available in Commercial and Military Temp. 
Ranges 

♦ Available in Narrow SO Package 



Ordering Information 



PART 


TEMP. RANGE 


PIN - PACKAGE* 


MAX9686BCPA 


0"C to +70'C 


8 Plastic DIP 


MAX9686BCSA 


O'C to +70'C 


8 Narrow SO 


MAX9686CJA 


O'C to +70°C 


8 CERDIP 


MAX9686BC/D 


O'C to +70'C 


Dice" 


MAX9686CTW 


O'C to +70'C 


10 TO- 100 Can 


MAX9686MJA 


-55' C to +125 C 


8 CERDIP 


MAX9686MTW 


-55'C to+125'C 


10 TO- 100 Can 


MAX9698BCPE 


O'C to +70'C 


16 Plastic DIP 


MAX9698BCSE 


O'C to +70'C 


16 Narrow SO 


MAX9698CJE 


O'C to +70'C 


16 CERDIP 


MAX9698BC/D 


O'C to +70'C 


Dice" 


MAX9698MJE 


-55'C to +125'C 


16 CERDIP 



■ Contact factory for availability of 20-Pin LCC 
" Contact factory for dice specifications. 



_Pin Configurations 



v+[7 

IN+(T 
IN- [7 

v-[T 



MAX9686 

DIP/SO 



TJ OUT 




TJ out 


IN+© 


T\ GND 


IN-© 


7] LE 




V- 



Top View 




MAX9686 

TO-100Can 



MAX9698 

DIP/SO 



/m»xi/m is a registered trademark of Maxim Integrated Products. 
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Very Fast Latched TTL Output Comparators 



ABSOLUTE MAXIMUM RATINGS 



Supply Voltages ±6V 

Input Voltages ±5V 

Differential Input Voltages 3.5V 

Output Current 20mA 

Operating Temperature Range: 

Commercial (MAX9686C/9698C) 0°C to +70"C 

Military (MAX9686M/9698M) -55"C to +125*C 



Continuous Total Power Dissipation at 70°C: 
8-Pin Plastic DIP (derate 8.3mW/"C above 70*C) . . . 660mW 

8-Pin SO (derate 5.9mW/*C above 70°C) 470mW 

8-Pin CERDIP (derate 8.0mW/'C above 70"C) 640mW 

16-Pin Plastic DIP (derate 7.4mW/"C above 70"C) . . 590mW 

16-Pin SO (derate 9.1mW/°C above 70'C) 727mW 

16-Pin CERDIP (derate 10mWfC above 70*C) 800mW 

Storage Temperature Range -55"C to + 1 50'C 

Lead Temperature (Soldering, 10 sec.) 300°C 



Stresses beyond those listed under "Absolute Maximum Ratings' may cause permanent damage to the device These are stress ratings only and functional 
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS 

(Vs = ±5V, Ta = 25°C, unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MAX9686C/9698C 


MAX9686M/9698M 


UNITS 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


Input Offset Voltage 
MAX 96 J . MAX9686 TW 
MAX96_ _BC_ _ 


VOS 


Rs = ioon 




±1 
±6 


±3 
±9 




±1 
±6 


±3 
±9 


mV 


Temperature Coefficient 


AVOS/AT 




4 


4 


nv/c 


Input Offset Current 


I OS 




5.0 


5.0 


uA 


Input Bias Current 


IB 




25 


25 


HA 


Common-Mode Rejection Ratio 


CMRR 




80 


96 




80 


96 




dB 


Power-Supply Rejection Ratio 
MAX96 J , MAX9686 TW 
MAX96_ _BC_ _ 


PSRR 




70 
50 


85 
65 




70 
50 


85 
65 




dB 


Input Voltage Range 


VCM 




±3.0 


±3.0 


V 


Latch High Input Voltage 


VlH 




2.0 


2.0 


v 


Latch Low Input Voltage 


VlL 




0.8 


0.8 


V 


Latch Low Input Current 


ItL 


V L E = ov 


-750 


-750 


uA 


I/O Logic Levels 
Output High Voltage 


VOH 


I OUT = -3mA 


2.4 


3.0 




2.4 


3.0 




V 


I/O Logic Levels 
Output Low Voltage 


Vol 


lOUT = 8mA 


0.5 


0.5 


V 


Positive Supply Current 
MAX9686 
MAX9698 


Ice 






16 
32 


25 
50 




16 
32 


25 
50 


mA 


Negative Supply Current 
MAX9686 
MAX9698 


lEE 






13 
26 


20 
40 




13 
26 


20 
40 


mA 


SWITCHING CHARACTERISTICS (Each Comparator for MAX9698) (Note 1) 


Propagation Delay 
Input to Output High 


tpd+ 


Ta = Tmin to Tmax 
100mV pulse; 
10mV overdrive 




6.0 


9 




6.0 


9 


ns 


Propagation Delay 
Input to Output Low 


tpd- 


Ta = Tmin to Tmax 
100mV pulse; 
10mV overdrive 




5.7 


8.5 




5.7 


8.5 


ns 


Propagation Delay Skew 


tpd+ - tpd- 




0.3 




0.3 




ns 


Latch Setup 


ts 




2 


2 


ns 



Note 1: Not tested, guaranteed by design. 



Very Fast Latched TTL Output Comparators 



LATCH 
ENABLE 



LATCH 



COMPARE 

Is 



DIFFERENTIAL 
INPUT 
VOLTAGE 



1 



T 



JVOD 



T 



WE) 



50% 



Vos 



ME) 



— — 50% 



50% 



MAX9686 and MAX9698 Timing Diagram 



Definition of Terms 



Vos Input Offset Voltage 

Vod Input Voltage Overdrive 

tpd+ Input to Output High Delay - The propagation 
delay measured from the time the input signal 
crosses the input offset voltage to the 50% 
point of an output low to high transition. 

tpd- Input to Output Low Delay -- The propagation 
delay measured from the time the input signal 
crosses the input offset voltage to the 50% 
point of an output high to low transition. 

t P d+(E) Latch Enable to Output High Delay -- The 
propagation delay measured from the 50% 
point of the Latch Enable signal high to low 
transition to the 50% point of an output low to 
high transition. 



tpd-(E) Latch Enable to Output Low Delay -- The prop- 
agation delay measured from the 50% point of 
the Latch Enable signal high to low transition 
to the 50% point of an output high to low 
transition, 

tpw(E) Minimum Latch Enable Pulse Width - The min- 
imum time the Latch Enable signal must be low 
to acquire and hold an input signal. 

t s Minimum Setup Time -- The minimum time, 

before the positive transition of the Latch En- 
able pulse, that an input signal must be present 
to be acquired and held at the outputs. 

th Minimum Hold Time - The minimum time, after 

the positive transition of the Latch Enable sig- 
nal, that an input signal must remain un- 
changed to be acquired and held at the output. 
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Very Fast Latched TTL Output Comparators 



Application Information 

Layout 

Because of the large gain-bandwidth characteristic of the 
MAX9686/MAX9698, special precautions need to be 
taken if the high-speed capabilities of the devices are to 
be realized. A PC board with ground plane is mandatory. 
All decoupling capacitors should be mounted as close 
as possible to the power-supply pins. For low impedance 
applications, microstrip layout at the input may be helpful. 
Close attention should be paid to the bandwidth of the 
decoupling and terminating components. To minimize 
lead inductance, chip components can be used. If Latch 
Enable is not used, it must be connected to ground. 

Input Slew Rate Requirements 

As with all high-speed comparators, the high gain- 
bandwidth product of these devices may create oscilla- 
tion problems when the input traverses through the 
comparator's linear region. For clean switching without 
oscillation or steps in the output waveform, the input must 
meet certain minimum slew rate requirements. Output 
oscillation is best avoided with compact PC board layout 
and minimum input signal source impedance. Poor lay- 
out and larger source impedance will increase the mini- 
mum slew rate required to avoid oscillation. 

In many applications, the addition of regenerative feed- 
back will assist the input signal through the linear region, 
which will lower the minimum slew rate requirement con- 
siderably. For example, the minimum slew rate can be 
reduced by a factor of 4 with the addition of positive 
feedback components Rf = 1kfi and Cf = 100pF. 



Chip Topographies 



MAX9686 



OUT 




MAX9698 



LATCH 

ENABLE GND 



-IN2 




(1.575 mm) 



Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied. 
Maxim reserves the right to change the circuitry and specifications without notice at any time. 
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INTRODUCTORY .... 

Dual Ultra-Fast ECL Output Comparator 



General Description 

The MAX9687 is a dual ultra-fast ECL comparator man- 
ufactured with a high-frequency bipolar process (U = 
6GHz) that is capable of very short propagation delays, 
maintaining the excellent DC matching characteristics nor- 
mally found only in slower comparators. 

The device is pin comptabile with the AD9687 and Am6687, 
but it exceeds the AC characteristics of these devices. 

The MAX9687 has differential inputs and complementary 
outputs fully compatible with ECL logic levels. Output 
current levels are capable of driving 50Q terminated trans- 
mission lines. The ultra-fast operation makes signal pro- 
cessing possible at frequencies in excess of 600MHz. 

A Latch Enable function is provided to allow the compa- 
rator to be used in a sample-hold or track-hold mode. 
The Latch Enable inputs are designed to be driven from 
the complementary outputs of a standard ECL gate. 
When LE is high and LE is low, the comparator functions 
normally. When LE is forced low and LE high, the com- 
parator outputs are locked in the logical states deter- 
mined by the input conditions at the time of the latch 
transition. If the Latch Enable function is not used on 
either of the comparators, the appropriate_LE input must 
be connected to ground; the companion LE input can be 
left open. 

Applications 



High-Speed A/D Converters 
High-Speed Line Receivers 
Peak Detectors 
Threshold Detectors 
High-Speed Triggers 



Functional Diagram 




The outputs are open emitters, requiring external pull- 
down resistors. These resistors may be in the range of 
50f2 - 200O connected to -2.0V; or 240n - 2000C2 connected 
to -5.2V. 



Features 



♦ 1.4ns Propagation Delay 

♦ 0.5ns Latch Setup Time 

♦ 2.0ns Latch Enable Pulse Width 

♦ +5V, -5.2V Power Supplies 

♦ Pin Compatible with AD9687, Am6687, SP9687 

♦ Available in Commercial and Military Temp. 
Ranges 

♦ Available in Narrow SO Package 

Ordering Information 



PART 


TEMP. RANGE 


PIN-PACKAGE* 


MAX9687CPE 


0°C to +70*C 


16 Plastic DIP 


MAX9687CSE 


0"C to +70"C 


16 Narrow SO 


MAX9687CJE 


O'C to +70*C 


16 CERDIP 


MAX9687C/D 


0*C to +70"C 


Dice 


MAX9687MJE 


-55"C to +125"C 


16 CERDIP 



'Contact factory tor availability of 20-Pin LCC 



Pin Configuration 



Top View 

Q Output [T 
Q Output IT 
GNDfT 
Latch Enable [X 
Latch Enable Q 

v-E 

Inverting Input [T 

Noninverting fa" 
Input 1 — 1 




TjD Q Output 
JJ] 5 Output 
^]GND 

T3I Latch Enable 

3D Latch Enable 
TJJ v+ 

To] Inverting Input 

Tl Noninverting 
— 1 Input 



/wyjxixn is a registered trademark of Maxim Integrated Products. 
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Dual Ultra-Fast ECL Output Comparator 

ABSOLUTE MAXIMUM RATINGS 

Supply Voltages ±6V Operating Temperature Range: 

Power Dissipation (Notes 1,2) 700mW Commercial (MAX9687C) O'C to +70 C 

Output Short-Circuit Duration (Note 2) Indefinite Military (MAX9687M) -55'C to + 1 25*C 

Input Voltages ±5V Storage Temperature Range -55'C to +150*C 

Differential Input Voltages 3.5V Lead Temperature (Soldering, 10 sec.) 300'C 

Output Current 30mA 

Note 1: Power derating above Ta = 70*C is based on a maximum junction temperature of 150*C and the thermal resistance factors of 
e JC = 75"C/W and 6ja = 145'C/W. For SO package, e JC = 60°C/W and 9ja = 1 10'C/W. 

Note 2: Continuous short-circuit protection is allowed on 1 comparator per time up to case temperatures of 85°C and ambient temperatures 
of 30"C. 

Stresses beyond those listed under "Absolute Maximum Ratings' may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect the device reliability. 

ELECTRICAL CHARACTERISTICS 

(V+ = +5V, V- = -5.2V, V T = -2.0V, Rl = 50Q, Ta = +25°C, unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MAX9687C 


MAX9687M 


UNITS 


MIN TYP MAX 


MIN TYP MAX 


Input Offset Voltage 


Vos 


Ta=+25"C 

R s = ioon T ...... ..... 

Ta = MIN to MAX 


-5 +5 
-7 +7 


-5 +5 
-8 +8 


mV 


Temperature Coefficient 






10 


15 


uVfC 


Input Offset Current 


los 


T A = +25'C 

T A = MIN to MAX 


5 
8 


5 
12 


UA 


Input Bias Current 


Ib 


T A = +25'C 

Ta = MIN to MAX 


10 20 
30 


10 20 
40 


HA 


Input Voltage Range 


VCM 


(Note 3) 


-2.5 +2.5 


-2.5 +2.5 


V 


Common-Mode Rejection Ratio 


CMRR 




80 


80 


dB 


Power-Supply Rejection Ratio 


PSRR 




60 


60 


dB 


Input Resistance 


RlN 


(Note 3) 


60 


60 


kfi 


Input Capacitance 


CIN 




3 


3 


pF 


I/O Logic Levels 
Output High Voltage 


VOH 


Ta = MIN 
Ta = MAX 
Ta = +25"C 


-1 .05 -0.87 
-0.89 -0.70 
-0.96 -0.81 


-1.16 -0.89 
-0.88 -0.69 
-0.96 -0.81 


V 


Output Low Voltage 


Vol 


Ta = MIN 
T A = MAX 
Ta = +25'C 


-1.89 -1.65 
-1.83 -1.57 
-1.85 -1.65 


-1.90 -1.65 
-1.82 -1.55 
-1.85 -1.65 


V 


Positive Supply Current 


Ice 


Ta = + 25°C 

T A = MIN to MAX 


30 46 
50 


30 46 
52 


mA 


Negative Supply Current 


Iee 


Ta = +25'C 
T A = MIN to MAX 




54 68 
72 


54 68 
74 


mA 



Note 3: Guaranteed by design, not tested. 
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Dual Ultra-Fast ECL Output Comparator 



SWITCHING CHARACTERISTICS 



PARAMETER 


SYMBOL 


CONDITIONS 


MAX9687C 
MIN TYP MAX 


MAX9687M 
MIN TYP MAX 


UNITS 


Input to Output High 
(Notes 3 and 4) 


tpd+ 


Ta= +25 C 
0"C<Ta<+70 C 
-55'C<Ta<+125'C 


1.4 19 

1.6 2 2 


14 1.9 
1.7 2.6 


ns 


Input to Output Low 
(Notes 3 and 4) 




Ta = +25°C 

0'C<T a <+70'C 

-55'C<Ta<+125°C 


1.4 1.9 
1.6 2.2 


1.4 1.9 
1.9 2.6 


ns 


Latch Enable to 
Output High 
(Notes 3 and 4) 


tpd*(E) 


T a = +25'C 

0"C<Ta<+70°C 

-55'C<Ta<+125'C 


1.3 1.8 

1.4 2.0 


1.3 1.8 
1.5 2.0 


ns 


Latch Enable to 
Output Low 
(Notes 3 and 4) 


tpd-(E) 


Ta = +25"C 

0"C < T A < +70'C 

-55'C<Ta£+125"C 


1.3 1.8 

1.4 1.9 


1.3 1.8 
1.7 2.6 


ns 


Latch Enable (Note 3) 
Pulse Width 
Min Setup Time 
Min Hold Time 


WE) 
ts 
th 




3.0 2.0 

0.5 1.0 
0.5 1.0 


3.0 2.0 

0.5 1.0 
0.5 1.0 


ns 



Note 4: Vin = 100mV. Vqd = 10mV. 



Application Information 

Layout 

Because of the large gain-bandwidth characteristic of the 
MAX9687, special precautions need to be taken if the 
high-speed capabilities of the device are to be utilized. 
A PC board with ground plane should be considered 
mandatory. All decoupling capacitors should be 
mounted as close as possible to the power-supply pins 
and the ECL outputs processed in microstrip fashion 
consistent with the load termination of 50Q. to 1 20fl. For 
low impedance applications, microstrip layout at the 
input may also be helpful . Close attention should be paid 
to the bandwidth of the decoupling and terminating com- 
ponents. Chip components to minimize lead inductance 
can be used as an advantage here. 

Input Slew Rate Requirement 

As with all high-speed comparators, the high gain- 
bandwidth product of these devices creates oscillation 
problems when the input traverses through the linear 
region. For clean switching without oscillation or steps in 
the output waveform, the input must meet certain mini- 
mum slew rate requirements. The tendency of the part 
to oscillate is a function of the layout and the source 
impedance of the circuit employed. Poor layout and 
larger source impedance will increase the minimum slew 
rate specification. 

In many applications, the addition of regenerative feed- 
back will assist the input signal through the linear region, 
which will lower the minimum slew rate requirement con- 
siderably. For example, with the addition of positive feed- 
back components Rf = 1k£i and Cf = 10pF, the minimum 
slew rate requirement can be reduced by a factor of 4. 



Figure 1 shows a high-speed receiver application with 
50£J input and output termination. With this configura- 
tion, in which a ground plane and microstrip PC board 
were used, the minimum slew rate for clean output 
switching is 1 ,6V/|is. Sine wave inputs, imply a minimum 




Figure 1. Regenerative Feedback. High-speed receiver with 
50Q input and output termination. 



Input Output 
20mv/div 500mv/div 2ns/div 




Figure 2. As a high-speed receiver, the MAX9687 is capable 
of processing signais in excess of 600MHz. Figure 2 is a 
100MHz example with an input signal level of 14mVrms. 
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Dual Ultra-Fast ECL Output Comparator 



signal size of 360mVrms at 500kHz and 90mV at 2MHz. 

,_ SlewRate 
Erms= 2 ^ Kf 

The timing diagram (Figure 3) illustrates worst-case con- 
ditions in representing the series of events to complete 
the compare function. 

The top line of the diagram illustrates 2 Latch Enable 
pulses. Each pulse is high for the compare function and 
low for the latch function. The first pulse demonstrates 
the compare function; part of the input action takes place 
during the compare mode. The second pulse demon- 
strates a compare function interval during which there is 
no change in the input. 

The leading edge of the input signal, illustrated as a large 
amplitude, small overdrive pulse, switches the compara- 
tor after time interval tpd. Outputs Q and Q are essentially 
similar in timing. The input signal must occur at time t s 
before the latch falling edge, and it must be maintained 
for time th after the edge to be acquired. After th, the 
output is no longer affected by the input status until the 
latch is again strobed. A minimum latch pulse width of 
t P w(E) is needed for the strobe operation, and the output 
transitions occur after a time t P d(E). 

Definition of Terms 



Vos Input Offset Voltage - The voltage required be- 
tween the input terminals to obtain 0V differential 
at the output. 

Vin Input Voltage Pulse Amplitude 



Vod Input Voltage Overdrive 

tpd+ Input to Output High Delay - The propagation 
delay measured from the time the input signal 
crosses the input offset voltage to the 50% point 
of an output low to high transition. 

tpd- Input to Output Low Delay - The propagation 
delay measured from the time the input signal 
crosses the input offset voltage to the 50% point 
of an output high to low transition. 

t P d+(E) Latch Enable to Output High Delay - The propa- 
gation delay measured from the 50% point of 
the Latch Enable signal low to high transition to 
the 50% point of an output low to high transition. 

t P d-(E) Latch Enable to Output Low Delay - The propa- 
gation dealy measured from the 50% point of the 
Latch Enable signal low to high transition to the 
50% point of an output high to low transition. 

tpw(E) Minimum Latch Enable Pulse Width - The mini- 
mum time the Latch Enable signal must be high 
to acquire and hold an input signal. 

t s Minimum Setup Time - The minimum time before 
the negative transition of the Latch Enable pulse 
that an input signal must be present to be ac- 
quired and held at the outputs. 

th Minimum Hold Time - The minimum time after the 
negative transition of the Latch Enable signal 
that an input signal must remain unchanged to 
be acquired and held at the outputs. 



Compare 
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y — 



v. 



'OS 



<pd 
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-I- 



50% 



- 50% 



Figure 3. Timing Diagram 

Maxim cannot assume responsibility tor use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied. 
Maxim reserves the right to change the circuitry and specifications without notice at any time. 
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Ultra-Fast ECL Output 

_ General Description 



Features 



The MAX9690 is an ultra-fast ECL comparator manufac- 
tured with a high-frequency bipolar process (fr = 6GHz) 
which is capable of very short propagation delays, while 
maintaining the excellent DC matching characteristics 
normally found only in slower comparators. The device 
is similiar in function to the MAX9685, except the Latch 
Enable input is eliminated. 

The device is pin compatible with the CMP-08, but it 
exceeds the AC characteristics of that device. 

The MAX9690 has differential inputs and complementary 
outputs fully compatible with ECL logic levels. Output 
current levels are capable of driving 50Q terminated 
transmission lines. Ultra-fast operation makes signal pro- 
cessing possible at frequencies in excess of 600MHz. 

Applications 



High-Speed A/D Converters 
High-Speed Line Receivers 
Peak Detectors 
Threshold Detectors 



♦ 1 .3ns Propagation Delay 

♦ +5V, -5.2V Power Supplies 

♦ Pin Compatible to CMP-08 

♦ Available in Commercial and Military Temp. 
Ranges 

♦ Available in Narrow SO Package 



Ordering Information 



PART 


TEMP. RANGE 


PIN-PACKAGE 


MAX9690CPA 


0°C to +70"C 


8 Plastic DIP 


MAX9690CSA 


O'C to +70*C 


8 Narrow SO 


MAX9690CJA 




8 CERDIP 


MAX9690C/D 


0*C to +7CTC 


Dice 


MAX9690MJA 


-55 - C to+125'C 


8 CERDIP 



'Contact factory for availability of 20-pin LCC. 



Functional Diagram 



Pin Configuration 




QOUT 



QOUT 



THE OUTPUTS ARE OPEN EMITTERS. REQUIRING EXTERNAL PULLDOWN 
RESISTORS THESE RESISTORS MAY BE WITHIN 5012 - 200£2 CONNECTED TO 
-2 0V. OR 240fl - 2KJ1 CONNECTED TO -5.2V. 



Top View 



IN- 



V- 4 



DIP/SO 



GND2 



el out 

T] OUT 
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Ultra-Fast ECL Output Comparator 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltages ±6V 

Power Dissipation (Note 1 ) 336mW 

Input Voltages ±5V 

Differential Input Voltages 3.5V 

Output Current 30mA 

Note 1 : Power derating above Ta = 70'C is based on a maximum 
junction temperature of 1 50'C and the following thermal resistance 
factors: 



Operating Temperature Range: 

Commercial (MAX9690C) 0°Cto+70'C 

Military (MAX9690M) -55*C to +125"C 

Storage Temperature Range -55'C to +150°C 

Lead Temperature (Soldering, 10 sec.) 300'C 



PACKAGE 


e JC (*C/W) 


6jaCC/W) 


DIP 


75 


180 


Narrow SO 


115 


180 



Stresses beyond (hose listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specification is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect the device reliability. 

ELECTRICAL CHARACTERISTICS 

(V+ = 5V, V- = -5.2V, R L = 50Q, Vt = -2V, T A = +25°C, unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MAX9690C 


MAX9690M 


UNITS 


MIN TYP MAX 


MIN TYP MAX 


Input Offset Voltage 


Vos 


Ta = +25'C 

Ta = MIN to MAX 


-5 +5 

-7 +7 


-5 +5 
-8 +8 


mV 


Temperature Coefficient 


AVos/AT 




10 


15 


MV/'C 


Input Offset Current 


los 


T A = +25*C 

Ta = MIN to MAX 


5 
8 


5 

12 


HA 


Input Bias Current 


Ib 


Ta = +25'C 

T A = MIN to MAX 


10 20 
30 


10 20 
40 


uA 


Input Voltage Range 


V C M 


(Note 2) 


-2,5 +2,5 


-2.5 +2.5 


V 


Common-Mode Rejection Ratio 


CMRR 




80 


80 


dB 


Power-Supply Rejection Ratio 


PSRR 




60 


60 


dB 


Input Resistance 


RlN 


(Note 2) 


60 


60 


kn 


Input Capacitance 


ClN 




3 


3 


pF 


I/O Logic Levels 
Output High Voltage 


V H 


T A = MIN 
T A = MAX 
Ta = +25"C 


-1.05 -0.87 
-0.89 -0.70 
-096 -0.81 


-1.16 -0.89 
-0.88 -0.69 
-0.96 -0.81 


V 


Output Low Voltage 


Vol 


T A = MAX 
Ta = MIN 
T A = +25"C 


-1.83 -1.57 
-1.89 -1.65 
-1.85 -1.65 


-1.82 -1.55 
-1.90 -1.65 
-1.85 -1.65 


Positive Supply Current 


Ice 


Ta = +25"C 

Ta = MIN to MAX 


16 22 
24 


16 22 
25 


mA 


Negative Supply Current 


Iee 


T A = +25'C 

Ta = MIN to MAX 


20 32 
36 


20 32 
37 


mA 


SWITCHING CHARACTERISTICS 


Input to Output High 
(Notes 2. 3) 


tpd+ 


T A = +25*C 

O'C < Ta < +70°C 

-55°C<T A < +125'C 


1.3 1.8 
1.5 2.0 


1.3 1.8 
1.7 2.4 


ns 


Input to Output Low 
(Notes 2, 3) 


tpd- 


Ta = +25"C 
0'C<T A < + 70"C 
-55*C<T A < +125"C 


1.3 1.8 
1.5 2.0 


1.3 1.8 
1.7 2.4 


ns 



i 2: Guaranteed by design, not tested. 
Note 3: Vin = 100mV, Vod = 10mV. 
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Ultra-Fast ECL Output Comparator 




Timing Diagram 



Timing Diagram 

The timing diagram illustrates worst-case conditions in 
representing the series of events to complete the com- 
pare function. 

The leading edge of the input signal, illustrated as a large 
amplitude, small overdrive pulse, switches the compara- 
tor. Outputs Q and Q are essentially similiar in timing. 



Definition of Terms 

Vos Input Offset Voltage - The voltage required 
between the input terminals to obtain OV differ- 
ential at the output. 

Vin Input Voltage Pulse Amplitude 

Vod Input Voltage Overdrive 

t P d+ Input to Output High Delay - The propagation 
delay measured from the time the input signal 
crosses the input offset voltage to the 50% 
point of an output low to high transition. 

t P d- Input to Output Low Delay - The propagation 
delay measured from the time the input signal 
crosses the input offset voltage to the 50% 
point of an output high to low transition. 



Application Information 

Layout 

Because of the large gain-bandwidth characteristic of the 
MAX9690, special precautions need to be taken if the 
high-speed capabilities of the device are to be utilized. 
A PC board with ground plane should be considered 
mandatory. All decoupling capacitors should be 
mounted as close as possible to the power-supply pins, 
and the ECL outputs should be processed in microstrip 
fashion consistent with the load termination of 50n to 
1 20Q. . For low impedance applications, microstrip layout 
at the input may also be helpful. Close attention should 
be paid to the bandwidth of the decoupling and terminat- 
ing components. Chip components to minimize lead 
inductance can be used as an advantage here. 

Input Slew Rate Requirements 

As with all high-speed comparators, the high gain- 
bandwidth product of these devices creates oscillation 
problems when the input traverses through the linear 
region. For clean switching without oscillation or steps in 
the output waveform, the input must meet certain mini- 
mum slew rate requirements. The tendency of the part to 
oscillate is a function of the layout and the source imped- 
ance of the circuit employed. Poor layout and larger 
source impedance will increase the minimum slew rate 
requirement. 



Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied. 
Maxim reserves the right to change the circuitry and specilications without notice at any time. 
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ADVANCE INFORMATION 

FIRST SHEET OF DATA SHEET IN PREPARATION 



General Description 

The MAX402/MAX403 are high-speed, low-power op 
amps fabricated with Maxim's high-frequency Com- 
plementary Bipolar (CB) process. The MAX402 draws 
less than 60uA of supply current while maintaining an 
8V/u.s (typical) slew rate and a 2MHz (typical) bandwidth. 
For applications requiring increased speed, the MAX403 
draws a maximum supply current of 300uA and offers a 
50V/ns (typical) slew rate and a 10MHz (typical) 
bandwidth. Both op amps are unity gain stable. 

The combination of high-speed performance and low- 
power operation, unobtainable in existing op amps, 
makes the MAX402/MAX403 ideal for high-speed, bat- 
tery-powered applications. 



Applications 

Low-Power Signal Processing 
Portable Instruments 
Remote Sensors 



ynyjxiyn 

High-Speed, 
Low-Power Op Amps 

Features 

♦ Low-Power Consumption: 

MAX402: 0.6mW Max 
MAX403: 3.0mW Max 

♦ Highspeed: 

MAX402: 5V/us Min 
MAX403: 25V us Min 

♦ Unity Gain Stable 

♦ Single-Supply Capability 

♦ Wide Unity Gain Bandwidth: 

MAX402: 1.4MHz Min 
MAX403: 7MHz Min 



Ordering Information 



PART TEMP. RANGE PIN-PACKAGE 



MAX402CPA 0"C to +70'C 8 Plastic DIP 



MAX402CSA O'C to +70°C 8 Narrow SO 

MAX402C/D 0°C to +70'C Dice* 



MAX402EPA -40*C to +85*C 8 Plastic DIP 



MAX402EJA -40'C to +85'C 8CERDIP 



MAX402MJA -55'C to +125'C 8 CERDIP 

MAX403CPA O'C to +7CTC 8 Plastic DIP 

MAX403CSA O'C to +70"C 8 Narrow SO 

MAX403C/D O'C to +70"C Dice' 

MAX403EPA -40'C to +85'C 8 Plastic DIP 

MAX403EJA -40'C to +85'C 8 CERDIP 

MAX403MJA -55°C to +125'C 8 CERDIP 

'Consult factory for dice specifications. 

Pin Description 



TOP VIEW 




DIP/SO 



/M/axi/M is a registered trademark of Maxim Integrated Products. 
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Single/Dual/Quad High-Speed, Fast-Settling, 
High Output Current Operational Amplifier 



General Description 

The MAX408/428/448 are high speed general purpose 
monolithic operational amplifiers in a single, dual or quad 
package, that are useful for signal frequencies extending 
into the video range. These Op Amps function in gain 
configurations greater-than or equal-to 3. High output 
current allows large capacitive loads to be driven at high 
speeds. 

Open-loop voltage gain of 10k V/V and high slew rate of 
90V/ns make the MAX408/428/448 ideal for analog am- 
plification and high speed signal processing. 100MHz 
gain bandwidth and a ±0.1% settling time of 150ns make 
each amplifier ideal for fast data conversion systems. 

±50mA output current capability allows the amplifiers to 
drive terminated transmission lines of 50i2 with ampli- 
tudes of 5V peak-to-peak. 

Along with the high speed and output drive capability, a 
35nA offset current and trimmable offset voltage make 
the MAX408/428/448 optimal for signal conditioning ap- 
plications where accuracy must be maintained. 



Applications 



Features 



♦ Fast Settling Time: ±0.1% in 150ns 

♦ High Slew Rate: 90V ms 

♦ Large Gain Bandwidth: 100MHz 

♦ Full Power Bandwidth: 4.8MHz at 6V p-p 

♦ Ease of Use: Internally Compensated for 
Acl 3 with 50' - 60' Phase Margin 

♦ Large Output Current: 50mA 

♦ Low Supply Voltage Operation: ±4V 

♦ Wide Input Voltage Range: Within 1.5V of V 
and 0.5V of V 

♦ Minimal Crosstalk: >90dB Separation 
(MAX428/448) 

♦ Short Circuit Protection 

Ordering Information 



Video Amplifiers 
Test Equipment 
Waveform Generators 
Video Distribution 
Pulse Amplifiers 



PART 


TEMP. RANGE 


PACKAGE* 


MAX408ACPA 


0°C to +70"C 


8 Lead Plastic DIP 


MAX408ACJA 


0*C to +70'C 


8 Lead CERDIP 


MAX408ACSA 


0'C to +70'C 


8 Lead Small Outline 


MAX408ACTV 


0°C to +70'C 


8 Lead TO-99 Metal Can 


MAX408CPA 


0"C to +70'C 


8 Lead Plastic DIP 


MAX408CJA 


0"C to +70'C 


8 Lead CERDIP 


MAX408CSA 


0"C to +70'C 


8 Lead Small Outline 


MAX408CTV 


0"C to +70'C 


8 Lead TO-99 Metal Can 


MAX408C/D 


0*C to 70'C 


Dice 


MAX408MJA 


-55"C to +125'C 


8 Lead CERDIP 


MAX408MTV 


-55'C to +125'C 


8 Lead TO-99 Metal Can 



(Ordering Information continued on last page.) 
'Contact factory for availability of 20 Lead LCC 



_Pin Configurations 



6) OUT 




Top View 





/kisjxiyki 
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Single/Dual/Quad High Speed, Fast Settling, 
High Output Current Operational Amplifier 

ABSOLUTE MAXIMUM RATINGS - MAX408 

Supply Voltages ±6V 

Differential Input Voltage ±9V 

Common Mode Input Voltage IVsl -0.5V 

Power Dissipation (Note 1) 450mW 

Output Short Circuit Current Duration (Note 2) Indefinite 

Note 1: Power derating above T A = 70°C to be based on a 
maximum junction temperature of 150"C and the thermal resis- 
tance factors in the chart below 

PKG 9jcCC/W) 9jaCC/W) TcCC) T A fC)~ 

DIP. CERDIP 75 180 110 70 

SOIC 1f5 180 95 70 

TO-99 115 150 95 30 



ELECTRICAL CHARACTERISTICS - MAX408 (Vs = ±5V, Ta = 25 C unless otherwise noted.) 



PARAMFTFR 

r HnHIYIt 1 1— n 


SYMBOL 


CONDITIONS 


MAX408C 


MAX408AC 


MAX408M 


UNITS 


MIN TYP MAX 


MIN TYP MAX 


MIN TYP MAX 


Input Offset Voltage 


Vos 


T A = 25'C 
0"C<T A <70°C 
-55'C<Ta< 125*C 


5 12 
8 16 


3 6 
5 10 


3 6 
6 12 


mV 


Average Offset 
Voltage Drift 


AVos^AT 


0*C < T A < 70*C 
-55 - C<T A < 125"C 


20 






Input Bias Current 


Ib 




650 1100 


650 1100 


650 1100 


nA 


Input Offset Current 


los 


T A = 25°C 

0"C < T A < 70 - C 

-55-C<T A < 125'C 


35 120 
70 200 


35 120 
70 200 


35 120 
70 300 


nA 


Input Common Mode Range 


VCM 




+3 +3.5 
-4 -4.5 


+3 +3.5 
-4 -4.5 


+3 +3.5 
-4 -4.5 


V 


Differential Input Resistance 


Rind 


(Notel) 


3 10 


3 10 


3 10 


M£i 


Common Mode 
Input Resistance 


Rinc 


(Note 1) 








M£l 


Differential Input Capacitance 


C|ND 




2 


2 


2 


PF 


Common Mode 
Input Capaticance 


ClNC 




3 


3 


3 


pF 


Input Voltage Noise 


eN 


BW= 10Hz 

to 100kHz 


12 


12 


12 


HVrms 


Open Loop Voltage Gain 


Av 


Vout = +3V, 
R L = 2kQ 


2 5 


5 10 


5 10 


V/mV 


Output Voltage Swing 




Rl = 2kQ 






±3.5 


V 


Power Supply Current 


Is 


T A = 25"C 


7 10 I 7 10 


7 10 


mA 


Common Mode Rejection Ratio 


CMRR 


V C m = ±2V 


60 70 I 60 70 


60 70 


dB 


Power Supply Rejection Ratio 


PSRR 


AVps = ±0.5V 




60 66 


60 66 


dB 


Slew Rate (Note 1) 


SR 


10-90% of Leading 
Edge (Figure 1) 


60 90 


60 90 


60 90 


V/(is 


Settling Time 


ts 


To±0.1%(±4mV) 
of Final Value 
(Figure 1) (Note 1) 


150 200 


150 200 


150 200 


ns 


Gain Bandwidth Product 


GBW 




100 


100 


100 


MHz 



Operating Temperature Range: 

Commercial (MAX408AC, C) 0'C to +70"C 

Military (MAX408M) -55 S C to + 1 25*C 

Storage Temperature Range -65"C to +150'C 

Lead Temperature (Soldering, 60 seconds) 300"C 

Note 2: Continuous short circuit protection is allowed for the case 
and ambient temperatures in the chart below. 



Note 1 : Not tested, guaranteed by design. 
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Single/Dual/Quad High Speed, Fast Settling, 
High Output Current Operational Amplifier 



ABSOLUTE MAXIMUM RATINGS - MAX428 



Supply Voltages ±6V 

Differential Input Voltage ±9V 

Common Mode Input Voltage IVsl -0.5V 

Power Dissipation (Note 1) 450mW 



Output Short Circuit Current Duration (Note 2) Indefinite 



Note 1 : Power derating above T A = 70*C to be based on a 
maximum junction temperature of 1 50'C and the following thermal 
resistance factors: 



PKG 


6jcfC/W) 


OjaCC/w) 


DIP 


75 


180 


TO-99 


115 


150 



Operating Temperature Range: 

Commercial (MAX428AC, C) 0"C to +70°C 

Military (MAX428M) -55*C to + 1 25"C 

Storage Temperature Range -65*C to +150'C 

Lead Temperature (Soldering. 60 seconds) 300'C 



Note 2: Continuous short circuit protection is allowed on one 
amplifier per time up to the following case and ambient tempera- 
tures: 



PKG 


TcfC) 


Ta(C) 


DIP 


100 


30 


TO-99 


75 


(Note 3) 



Note 3: Long duration shorts (>5 sec) will result in junction 
temperature exceeding 150*C which may result in part damage. 



ELECTRICAL CHARACTERISTICS - MAX428 (Vs = ±5V, T A = 25 C unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MAX428C 
MIN TYP MAX 

mill 1 1 r ivima 


MAX428AC 
MIN TYP MAX 

WHY 1 1 1 IVIMA 


MAX428M 
MIN TYP MAX 

Mill 1 1 1 IVIMA 


UNITS 


Input Offset Voltage 


Vos 


Ta — 25°C 

- C < T A < 70*C 

-55'C<T A < 125°C 


D I c. 

8 16 


T R 

5 10 


^ R 

6 12 


mV 


Average Offset 
Voltage Drift 


AVos/AT 


0'C < T A < 70*C 
-55°C<T A < 125"C 


20 


20 


15 


pVfC 


Input Bias Current 


b 


Ta = 25"C 

0"C < T A < 70°C 

-55"C<T A < 125'C 


650 1100 
1700 


650 1100 
1700 


650 1100 
1700 
2200 


mA 


Input Offset Current 


kss 




35 120 


35 120 


35 120 


nA 


Input Common Mode Range 


VCM 




+3 +3.5 
-4 -4.5 


+3 +3.5 
-4 -4.5 


+3 +3.5 
-4 -4.5 


V 


Differential Input Resistance 


Rind 


(Note 1 ) 


3 10 


3 10 


3 10 


M£2 


Common Mode 
Input Resistance 


Rinc 


(Notel) 


4 8 


4 8 


4 8 


Mfi 


Differential Input Capacitance 


ClND 




2 


2 


2 


PF 


Common Mode 
Input Capaticance 


ClNC 




3 


3 


3 


PF 


Input Voltage Noise 


eN 


BW = 10Hz 

to 100kHz 


12 


12 


12 


jiVrms 


Open Loop Voltage Gain 


A V 


Vout = ±3V, 
Rl = 2k£l 


2 5 


5 10 


5 10 


V/mV 


Output Voltage Swing 


VOUT 


Rl = 2k£i 
Rl = 5U2 


±3.5 

±2.0 ±2.4 


±3.5 

±2.5 ±2.7 


±3.5 

±2.5 ±2.7 


V 


Power Supply Current 


Is 


T A = 25'C 


15 20 


15 20 


15 20 


mA 


Common Mode Rejection Ratio 


CMRR 


Vcm = ±2V 


60 70 


60 70 


60 70 


dB 


Power Supply Rejection Ratio 


PSRR 


AVps = ±0.5V 


60 66 


60 66 


60 66 


dB 


Slew Rate (Note 1) 


SR 


10-90% of Leading 
Edge (Figure 1) 


60 90 


60 90 


60 90 


V/HS 


Settling Time 


ts 


To±0.1%(±4mV) 
of Final Value 
(Figure 1) (Note 1) 


150 200 


150 200 


150 200 


ns 


Gain Bandwidth Product 


GBW 




100 


100 


100 


MHz 



Note 1 : Not tested, guaranteed by design. 
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Single/Dual/Quad High Speed, Fast 
High Output Current Operational Amplifier 



ABSOLUTE MAXIMUM RATINGS - MAX448 

Supply Voltages ±6V 

Differential Input Voltage +9V 

Common Mode Input Voltage IVsl -0.5V 

Power Dissipation (Note 1) 550mW 

Output Short Circuit Current Duration (Note 2) Indefinite 

Note 1: Power derating above Ta = 70'C to be based on a 
maximum junction temperature of 150°C and the thermal resis- 
tance factors of 6x = 75'C/W and 8ja = 150"C/W. 



Operating Temperature Range: 

Commercial (MAX448AC, C) O'C to +70'C 

Military (MAX448M) -55'C to +125'C 

Storage Temperature Range -65'C to +150"C 

Lead Temperature (Soldering, 60 seconds) 300*C 

Note 2: Continuous short circuit protection is allowed on one 
amplifier per time up to case temperatures of 85'C and ambient 
temperatures of 30'C. 



ELECTRICAL CHARACTERISTICS - MAX448 (Vs = ±5V, Ta = 25 C unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MAX448C 
MIN TYP MAX 


MAX448AC 
MIN TYP MAX 


MAX448M 
MIN TYP MAX 


UNITS 


Input Offset Voltage 


Vos 


T A = 25"C 

O'C < T A < 70'C 

-55*C<T A < 125"C 


5 12 
8 16 


3 6 
5 10 


3 6 
6 12 


mV 


Avpranp Offcpt 

Voltage Drift 


AVos/AT 


O'C < Ta < 70°C 
-55°C<T A < 125'C 


20 


20 


15 


U.V/-C 


Input Bias Current 


Ib 


Ta = 25'C 

O'C < Ta < 70'C 

-55"C<T A < 125"C 


650 1100 
1700 


650 1100 
1700 


650 1100 
2200 


nA 


Input Offset Current 


los 




35 120 


35 120 


35 120 


nA 


Input Common Mode Range 


VcM 




+3 +3.5 
-4 -4.0 


+3 +3.5 

A A K 

-4 -4.0 


+3 +3.5 

A A C 

-4 -4.0 


V 


niffprpntial Inni it RpQiQtnni^P 
L/limicillldl 1 1 ifJU l neb lolai lOc 


Rind 


fNntp 1^ 


3 10 


3 10 


3 10 


M£2 


Common Mode 
Input Resistance 


Rinc 


(Note 1) 


4 8 


4 8 


4 8 


Mn 


Differential Input Capacitance 


ClND 




2 




2 


PF 


Common Mode 
Input Capaticance 


ClNC 




3 


3 


3 


PF 


Input Voltage Noise 


eN 


BW = 10Hz 

to 100kHz 


12 


12 


12 


HVrms 


Open Loop Voltage Gain 


Av 


Vout = ±3V, 
R L = 2kS2 


2 5 


4 10 


4 10 


V/mV 


Output Voltage Swing 


Vout 


R L = 2ki2 
Rl = 51Q 


±3.5 

±2.0 ±2.4 


+3.5 

±2.5 ±2.7 


±3.5 

±2.5 ±2.7 


V 


Power Supply Current 
(All four amplifiers) 


Is 


Ta = 25'C 


30 40 


30 40 


30 40 


mA 


Power Supply Rejection Ratio 


PSRR 


AVps = +0.5V 


60 66 


60 66 


60 66 


dB 


Common Mode Rejection Ratio 


CMRR 


Vcm = ±2V 


60 70 


60 70 


60 70 


dB 


Slew Rate (Note 1) 


SR 


10-90% of Leading 
Edge (Figure 1 ) 


60 90 


60 90 


60 90 


V/ns 


Settling Time 


ts 


To±0.1%(±4mV) 
of Final Value 
(Figure 1)(Note 1) 


150 200 


150 200 


150 200 


ns 


Gain Bandwidth Product 


GBW 




100 


100 


100 


MHz 



Note 1: Not tested, guaranteed by design. 
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Single/Dual/Quad High Speed, Fast Settling, 
High Output Current Operational Amplifier 



AC CHARACTERISTICS - MAX408/428/448 



PARAMETER 


SYMBOL 


CONDITIONS 


MAX4XXC 


MAX4XXAC 


MAX4XXM 


UNITS 


MIN TYP MAX 


MIN TYP MAX 


MIN TYP MAX 


Small Signal Rise/Fall Time 


tr/tl 


eo = ±100mV 
10-90% (Figure 1) 


7 


7 


7 


ns 


Full Power Bandwidth 


BWfp 


Rl = 2ki2, C L = 50pF 
Vout = 6Vp-p 


4.8 


4.8 


4.8 


MHz 


Amp-Amp Crosstalk 
(MAX428/448) 




Input Referenced 
f = 10kHz 


-96 


-96 


-96 


dB 



! 

o 

00 

I 

00 



+1V 




Note that to properly measure e s . amplifier and settle resistor ratios should be matched to 0.5% and probe capacitance <35pF 



Figure 1A. Settling Time and Slew Rate Test Circuit 




Figure IB. Large Signal 
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Single/Dual/Quad High Speed, Fast Settling, 
High Output Current Operational Amplifier 

Typical Operating Characteristics 

(Vs = ±5V, Ta = 25'C unless otherwise stated and apply for each individual op amp where applicable) 
INPUT BIAS CURRENT vs TEMPERATURE NORMALIZED OPEN LOOP GAIN vs TEMPERATURE 
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Single/Dual/Quad High Speed, Fast Settling, 
High Output Current Operational Amplifier 

Typical Operating Characteristics (continued) 

MAXIMUM OUTPUT VOLTAGE SWING vs LOAD RESISTANCE MAXIMUM OUTPUT VOLTAGE SWING vs TEMPERATURE 
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SHORT CIRCUIT OUTPUT CURRENT vs TEMPERATURE 



EQUIVALENT INPUT NOISE vs BANDWIDTH 
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Single/Dual/Quad High-Speed, Fast-Settling, 
High Output Current Operationai Amplifier 

Typical Operating Characteristics (continued) 
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Single/Dual/Quad High-Speed, Fast-Settling, 
High Output Current Operational Amplifier 

Application Information 

AC Characteristics 



The 35MHz 1 0dB crossover point of the MAX408/428/448 
is achieved without feed forward compensation, a tech- 
nique which can produce long tails in the recovery char- 
acteristic. The single pole rolloff follows the classic 
20dB/decade slope to frequencies approaching 50MHz. 
The 10dB (3.2V/V) phase margin of 50°, even with a 
capacitive load of 50pF, gives stable and predictable 
performance down to non-inverting gain configurations 
of approximately 3V/V (inverting gains of -2V/V). At fre- 
quencies beyond 50MHz, the 20dB/decade slope is 
disturbed by an output stage zero, the damping factor of 
which is dependent upon the Rl, Cl load combination. 
This results in loss of gain margin (gain at loop phase = 
360°) at frequencies of 70 to 100MHz which at a gain 
margin of 5dB (Rl = 2K, Cl = 5pF) results in a peak in the 
gain of 3 amplifier configurations as shown in Figures 3 
and 4. 

Figure 3 shows a blow up of the open loop characteristics 
in the 10MHz to 200MHz frequency range, as well as the 
corresponding closed loop characteristics for a gain of 3 
non-inverting amplifier at similar load conditions. It 
should be noted that the open loop characteristic does 
not show the additional phase shift covered by the input 
capacitance pole. This is why the closed loop peaking 
at 30 to 40MHz is greater than what would be expected 
from the 50 to 60 degrees of phase margin indicated by 
the open loop characteristics. Corresponding small sig- 
nal step response characteristics show well-behaved 
pulse waveforms with 16-33% overshoot. 

The input capacitive pole can be neutralized by adding 
a feedback capacitor to R2. The value of capacitance is 
selected according to R1 On = R2CFB, where On is the 
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sum of the common mode and differential input capaci- 
tance = 5pF. For R2 = 2R1, Cfb = On/2 = 2.5pF. 

Figure 4 shows the results of this feedback capacitor 
addition. Neutralizing the input capacitance demon- 
strates the peaking that can result from the loss of gain 
margin at 70 to 100MHz. As the load time constant 
(RlCl) increases the peaking gets progressively worse 
=6dB at Rl = 2K, Cl = 50pF. The step response wave- 
forms are as expected with a very strong 88MHz ring 
being exhibited at Rl = 2K, Cl = 50pF and no overshoot 
at Rl = 50n, Cl = 5pF. 

Layout Considerations 

As with any high-speed wideband amplifier, certain lay- 
out considerations are necessary to ensure stable oper- 
ation. All connections to the amplifier should remain as 
short as possible, and the power supplies bypassed with 
0.1|iF capacitors to signal ground. It is suggested that a 
ground plane be considered as the best method for 
ensuring stability because it minimizes stray inductance 
and unwanted coupling in the ground signal paths. 

To minimize capacitive effects, resistor values should be 
kept as small as possible, consistent with the application. 

MAX408 Offset Voltage Nulling 

The configuration of Figure 2 will give a typical Vos nulling 
range of ±1 5mV. If a smaller adjustment range is desired, 
resistor values R1 and R2 can be increased accordingly. 
For example, at R1 = 3.6W2, the adjustment range is 
+5mV. Since pins 1 and 5 are not part of the signal path, 
AC characteristics are left undisturbed. 
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Figure 2. Vos Nulling Method for MAX408 
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Simplified Schematic. For MAX428/448 omit balance pins. 
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Single/Dual/Quad High-Speed, Fast-Settling, 
High Output Current Operational Amplifier 
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Figure 3. Frequency and Time Domain Response Characteristics, Av = 3 
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C L -50pF 



50»r T sons 




R L -50£2 
C L -5pF 

Small Signal Step Response 



Figure 4. Response Characteristics with Input Pole Cancellation, Av = 3 
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Single/Dual/Quad High-Speed, Fast-Settling, 
High Output Current Operational Amplifier 

Ordering Information (continued) 



PART 


TEMP. 


RANGE 


PACKAGE* 


MAX428ACPA 


O'C 


to 


+70°C 


8 Lead Plastic DIP 


MAX428ACJA 


o°c 


to 


+70'C 


8 Lead CERDIP 


MAX428ACSA 


O'C 


to 


+70'C 


8 Lead Small Outline 


MAX428ACTV 


o : c 


to 


+70°C 


8 Lead TO-99 Metal Can 


MAX428CPA 


O'C 


to 


+70'C 


8 Lead Plastic DIP 


MAX428CJA 


O'C 


EO 


+70'C 


8 Lead CERDIP 


MAX428CSA 


O'C 


to 


+70'C 


8 Lead Small Outline 


MAX428CTV 


O'C 


to 


+70'C 


8 Lead TO-99 Metal Can 


MAX428C/D 


O'C 


to 


+70*C 


Dice 


MAX428MJA 


-55'C 


to 


+125*C 


8 Lead CERDIP 


MAX428MTV 


-55'C 


10 


+125'C 


8 Lead TO-99 Metal Can 


MAX448ACPD 


O'C 


to 


+70"C 


14 Lead Plastic DIP 


MAX448ACJD 


O'C 


to 


+70'C 


14 Lead CERDIP 


MAX448ACSD 


crc 


to 


+70"C 


14 Lead Small Outline 


MAX448CPD 


O'C 


to 


+70'C 


14 Lead Plastic DIP 


MAX448CJD 


O'C 


to 


+70'C 


14 Lead CERDIP 


MAX448CSD 


O'C 


to 


+70'C 


14 Lead Small Outline 


MAX448C/D 


O'C 


to 


+70'C 


Dice 


MAX448MJD 


-55'C 


to 


+125'C 


14 Lead CERDIP 



•Contact factory for availability of 20 Lead LCC 



Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied. 
Maxim reserves the right to change the circuitry and specitications without notice at any time. 
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ADVANCE INFORMATION 

FIRST PAGE OF DATA SHEET IN PREPARATION 



General Description 

The MAX425/MAX426 precision CMOS amplifiers pro- 
vide input offset and noise specifications superior to 
chopper stabilized amplifiers while using no external 
capacitors. Two independent error correction schemes 
operate on-chip: A unique input switching design re- 
duces input offset voltage (Vos) to 1|iV, while offsets 
inside the amplifier are removed with digital correction to 
reduce common-mode errors and minimize clock ripple. 
The MAX425 is unity gain stable and has a 350kHz gain- 
bandwidth product. The MAX426 is uncompensated 
with a gain-bandwidth product of 12MHz. 

The error correction design of the MAX425/MAX426 is 
completely different from chopper stabilized amplifiers. 
Superior Vos is achieved with negligible clock noise, fast 
overload recovery, improved high-frequency perfor- 
mance, and reduced 1/f noise. 1Hz bandwidth noise is 
typically 1/5 that of monolithic chopper op amps. The 
amplifiers are ideal for precision measurement applica- 
tions where large, accurate gains and low noise are 
required. Additionally, the MAX426 is optimal where 
wide bandwidth is required. 

Signal input and power-supply connections conform to 
the standard op amp pin configuration. Auto-zero and 
clock pins are limited to LG, AZ, and CLK. pins. Both 
devices operate from +2.5V to ±7.5V or from single 
supplies ranging from +5 to +15V. They are supplied in 
8-pin plastic DIP and CERDIP and 1 6-pin Wide SO pack- 
ages. 

Applications 

Low-Noise DC Amplifiers 
Weigh Scales 
Thermocouple Amplifiers 
Strain Gauge Vibration Analysis 



Pin Configuration 



TOP VIEW 






lg[T 

IN- 

IN+ [3 
V-[4 


MAX425 
MAX426 


T| CLK 

JJ vt 

j[] OUT 
5] AZ 




DIP 
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Ultra High-Precision 
CMOS Op Amps 

Features 

♦ 1 u.V Maximum Vos 

♦ 300nV p .p Noise (0.1 Hz to 10Hz BW) 

♦ 0.01liV/ C Max Offset Drift 

♦ No External Components 

♦ Controllable Auto-Zero 

♦ l80dB Open Loop Gain 

♦ 12MHz Gain-Bandwidth (MAX426) 



Ordering Information 



PART 


TEMP. RANGE 


PIN-PACKAGE 


MAX425CPA 


0°C to +7CTC 


8 Plastic DIP 


MAX425CWE 


C/C to +70"C 


16 Wide SO 


MAX425C/D 


O'C to+70"C 


Dice 


MAX425EPA 


-40'C to +85"C 


8 Plastic DIP 


MAX425EWE 


-40*C to +85'C 


16 Wide SO 


MAX425EJA 


-40*C to +85'C 


8 CERDIP 


MAX425MJA 


-55'Cto+125 - C 


8 CERDIP 


MAX426CPA 


CfC to +70"C 


8 Plastic DIP 


MAX426CWE 


0°C to +70°C 


16 Wide SO 


MAX426C/D 


0"C to +70*C 


Dice 


MAX426EPA 


-40'C to +85'C 


8 Plastic DIP 


MAX426EWE 


-40°C to +85"C 


16 Wide SO 


MAX426EJA 


-40'C to +85'C 


8 CERDIP 


MAX426MJA 


-55'Cto+125*C 


8 CERDIP 



Typical Operating Circuit 
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±15 Volt Chopper Stabilized 
Operational Amplifier 



General Description 

The MAX430 and MAX432 are CMOS ±15V chopper- 
stabilized amplifiers designed for high accuracy 
signal conditioning, amplification, and instrumenta- 
tion applications. They offer input offset and drift 
specifications superior to previous "precision" bipolar 
op-amps and monolithic chopper amplifiers. External 
capacitors, required with previous CMOS chopper 
amplifiers, are NOT needed with the MAX430/432. 
Both amplifiers are packaged in 8 pin plastic DIPs. 

The combination of ±15V operation, low power, and 
standard op-amp pin configuration allows these 
devices to plug directly into almost any OP07/OP77/ 
LM108//nA741 socket regardless of what offset 
balancing or frequency compensation circuitry might 
be present. A wide input voltage range that includes 
the negative supply allows applications not possible 
with most conventional operational amplifiers. 

The MAX430 has a maximum supply current of 2mA 
and a unity gain frequency of 500kHz; the MAX432 
has a maximum supply current of 0.5mA and a unity 
gain frequency of 125kHz. 



Applications 

Precision Amplifiers 
Signal Conditioning for: 

Thermocouples 

Strain Gauges, Load Cells 

Resistance Temperature Devices (RTDs) 
High Accuracy Data Acquisition 
D.C. Stabilization of Amplifiers and Systems 
4-20mA process control transmitters 



Pin Configuration 



Top View 



NCU 
-INPUT H 
♦INPUT [3 

Hi 



✓VI /i x I yn 

MAX430 
MAX432 



3MC 
JJV + 
T| OUTPUT 
UNC 



Features 



♦ No External Capacitors Required 

♦ 5 M V Max Offset Voltage 

♦ 30pA Input Bias Current 

♦ Low Input Voltage Noise 0.3mVp-p (DC-1Hz) 

♦ Low Input Current Noise 0.01pA/\/Hz at 10Hz 

♦ ±15V Supply Operation 

♦ Input Voltage Range Includes V" 

♦ Low Power CMOS Design 



. Ordering Information 



PART 


TEMP. RANGE 


PACKAGE 


MAX430CPA 


o°c to +70°c 


8 Lead Plastic DIP 


MAX430EPA 


-40°C to +85°C 


8 Lead Plastic DIP 


MAX432CPA 


0°C to +70°C 


8 Lead Plastic DIP 


MAX432EPA 


-40°C to +85°C 


8 Lead Plastic DIP 



Typical Operating Circuit 




Bridge Amplifier 



>H>JXI>H 

/vmxish is a registered trademark of Maxim Integrated Products. 
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±15 Volt Chopper Stabilized 
Operational Amplifier 



ABSOLUTE MAXIMUM RATINGS 

Total Supply Voltage (V + to V") +36V 

Input Voltage (V + +0.3V) to (V" -0.3V) 

Storage Temperature Range -65°C to +160°C 

Operating Temperature Range 

MAX430C. MAX432C 0°C to +70°C 

MAX430E, MAX432E -40°C to +85°C 



Lead Temperature (Soldering 10 sec) +300°C 

Duration of Output Short Circuit Indefinite 

Current into Any Pin 10mA 

Continuous Total Power Dissipation 375mW 



Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and functional 
operation ot the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum ratings conditions for extended periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS 

(V + = +15V, V- = -15V, T A = +25°C, Test circuit unless otherwise noted) 



PARAMETER 


SYMBOL 


CONDITIONS 


MAX430 
MIN. TYP. MAX 


MAX432 
MIN. TYP. MAX. 


UNITS 


Input Offset Voltage 


+ V OS 


T A = +25°C ^ 


1 5 

2 10 


1 5 

2 10 


M v 


Average Temperature 
Coefficient of 
Input Offset Voltage 




Over Temperature Range 
(Note 1) 


0.02 0.05 


0.02 0.05 


uW°C 


Input Bias Current 
(Doubles every 10°C 
above about 60°C) 


Fa 


T A = +25°C 
Ovsr Tsmp. 


10 100 
oo 


10 100 
35 


pA 


Input Offset Current 
(Doubles every 10°C 
above about 60°C) 


1 

'b 


T A = +25°C 
Over Temp. 


15 200 
50 


15 200 
50 


nA 
P" 


Input Resistance 






10'2 


10 12 


n 


Large Signal Voltage Gain 


A VOL 


R L = 10kfl, V OUT = ±10V 


120 150 


120 150 


dB 


Output Voltage Swing 


VOUT 


R L = 10k!l 
R L = 100k!l 


±12 ±14.5 
±14.95 


±14 ±14.6 


V 


Common Mode 
Voltage Range 


CMVR 


Positive 
Negative 


+12 +12.5 
-15 -15.1 


+12 +12.5 
-15 -15.1 


V 


Common Mode 
Rejection Ratio 


CMRR 


CMVR +12V to -15V, 
T A = +25°C 
Over Temp. 


120 140 
110 140 


120 140 
110 140 


dB 


Power Supply 
Rejection Ratio 


PSSR 


±3V to ±16.5V, 
T A = +25°C 
Over Temp. 


120 140 
110 140 


120 140 
110 140 


dB 


Input Noise Voltage 
(P-P value not exceeded 
95% of time) 




R s = 100a DC to 1Hz 
DC to 10Hz 


0.3 
1.1 


0.4 
1.2 


mV p _ p 


Input Noise Current 


In 


f = 10Hz 


0.01 


0.01 


pA/ 


Unity-Gain Bandwidth 


GBW 




500 


125 


kHz 


Slew Rate 


SR 


C L = 50pF, R L = 100ki! 


0.5 


0.125 


V/,1S 


Rise Time 


t R 




0.7 


2.8 


/iS 


Overshoot 






20 


20 


% 


Operating Supply Range 


v + . v- 




±2.5 ±16.5 


±2.5 ±16.5 


V 


Supply Current 


ls 


No Load, T A = +25°C 
Over Temp. 


1.3 2.0 

3.5 


0.3 0.5 
1 


mA 


Internal Chopping 
Frequency 


f CH 




400 


250 


Hz 


Offset Voltage vs. Time 






100 


100 


nV/ 
Vmo. 



Note 1: Guaranteed by design. 

Note 2: All pins are designed to withstand electrostatic discharge (ESD) levels in excess of 2000V (Mil-Std-883C Method 3015.2 Test 
Circuit) 
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±15 Volt Chopper Stabilized 
Operational Amplifier 

Typical Operating Characteristics 
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±15 Volt Chopper Stabilized 
Operational Amplifier 

Typical Operating Characteristics 




Detailed Description 

Amplifier Operation 

A block diagram of a MAX430/432 is shown in Figure 
2. Internally there is a main signal path amplifier and 
a separate nulling amp. The main amplifier is in the 
primary signal path and is continuously connected to 
the external inputs (+IN, -IN). The nulling amplifier 
alternately corrects its own offset, and then that of 
the main amp, as its input switches between the two 
op-amp inputs. Offset correction is accomplished by 
means of two compensating FETs in the input stage's 
bias circuitry (not shown). The offset values that 
drive these trim FETs are stored for the duration of 
the correction cycle on two internal capacitors, C1 
and C2. Each cycle is controlled by the clock as 
shown in the timing diagram in Figure 2. An added 
benefit of the offset correction scheme is that it also 
provides correction for CMRR, PSRR, and A V ol at 
low frequencies (fiN<fcLK>- 

Internal Clock 

An on-chip clock is included on the MAX430/432 to 
control the operation of the offset correction circuitry. 
This oscillator is completely self-contained and needs 
no external components or connections. The internal 
clock rate is nominally 400Hz on the MAX430 and 



I 



Hi 




250Hz on the MAX432 and cannot be adjusted. If 
other clock frequencies are desired, refer to the 
MAX421 or MAX423. 

Output Characteristics/Open Loop Gain 

The MAX430 typically drives a 10kfl load from +14.8V 
to -14.5V when operating with ±15V power supplies. 
With a 100kn or greater load, the output typically 
swings to within 50mV of each supply rail. The 
MAX432 low power part will drive 100kfl typically 
within 0.4V of each supply. The output swing of the 
MAX432 is less than the MAX430 for a given load 
because of a factor of 4 reduction in output stage 
bias current. 




Figure 1. Test Circuit. 



Figure 2. Maxim MAX430 Series Amplifier Block Diagram. 
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±15 Volt Chopper Stabilized 
Operational Amplifier 



The open loop gain of a MAX430 is load dependent 
for resistances which are less than 10kfl. The effect 
is largely due to the impedance of the amplifier's 
output stage. The gain is about 17dB lower with a 
1kn load than it is with 10kH (MAX430). Even with 
1k(l the gain is typically 120dB, the reduction is 
insignificant for low frequency applications. In wide- 
band circuits, however, the best results are achieved 
with loads of 10kfl or more where the amplifier's 
open loop response is a smooth 6dB/octave slope 
from 0.1 Hz to 0.5MHz. Additionally, there is negligible 
phase shift at the frequency where the null amp is 
rolled off. 

Clock Ripple and Noise 

There are two components to MAX430/432 amplifier 
noise: wide-band noise and clock related ripple. With 
conventional op-amps, 1/f noise is often a problem in 
low level applications. This is the case, even with 
filtering in low frequency applications, because 1/f 
noise is difficult to remove. Chopper stabilization 
techniques eliminate 1/f noise in the MAX430/432 to provide 
superior low frequency performance. 

The chopper generates a small amount of ripple at 
the internal clock frequency. Typically its peak-to- 
peak input referred amplitude is 15/uV. This signal is 
easily reduced by band limiting the amplifier's re- 
sponse to below the internal oscillator frequency. In 
wide band limiting the amplifier's response to below 
the internal oscillatory frequency. In wide band appli- 
cations, positive and negative going 5ms pulses, with 
a typical output amplitude of 15mV, also appear. In 
circuits which are band limited to 5kHz or less, this 
noise will not be seen and averages to zero. However, 




since the pulses are output related, they have little 
dependence on closed loop gain and are only par- 
tially filtered with feedback capacitance around the 
amplifier. Filtering or band limiting in the circuitry 
following the amplifier removes this noise. 

Intermodulation 

In some chopper-stabilization amplifier designs, inter- 
action between the input signal and the chopper 
frequency sometimes produces intermodulation prod- 
ucts in the form of sum and difference signals. If the 
input frequency and the chop rate are close enough 
to each other, a difference signal may appear as a DC 
error at the output. The MAX430 series minimizes 
these problems with active compensation circuitry 
that virtually eliminates intermodulation effects and 
controls the amplifier's open loop gain-phase charac- 
teristics as well. With well-behaved open loop param- 
eters, the chopper's circuitry impact on the amplifier's 
dynamic performance can be ignored in most appli- 
cations. If chopper oscillator interaction is a problem, 
then the MAX421/423, which has an externally con- 
trollable oscillator, should be used. 



Overload Recovery 

The MAX430/432 like most chopper-stabilized ampli- 
fiers takes more time to recover from input overloads 
than a conventional op-amp. The reason for this is 
that the internal offset nulling capacitors are over- 
charged during input overloads as the amplifier 
attempts to "correct" the overload condition via the 
nulling circuitry. Once these capacitors are over- 
charged, some time is needed for them to return to 
the proper level. The length of this delay depends on 
the duration and amplitude of the overload. The 
worst case time is about 4 seconds for a severely 
over-driven MAX430. If the recovery takes too long 
then a MAX421/423 which provides a "Clamp" input 
to speed overload recovery, should be used. 



.Application Hints 



Figure 3. D.C. to 1Hz Noise, IfiV/vert. div. referred to input, 
1 second/horiz. div. 



Plugging Into A Conventional 
Op-Amp Socket 

The MAX430/432 can be powered from supplies 
ranging from +5V to ±15V. It can therefore plug into 
most conventional "741 pinout" op-amp applications. 
On other op-amps, pins 1, 5, and 8 are used for a 
variety of functions specific to the amplifier: typically 
frequency compensation, setting bias, or offset cor- 
rection. Since the MAX430/432 is internally compen- 
sated and its internal chopper removes substantially 
all of the offset voltage and drift, no connections are 
required to pins 1, 5 and 8. These pins are not 
internally connected on the MAX430/432 so that 
external connections from existing designs will not 
affect the op-amp's operation. 
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Inverting Amplifier 





Follower 



"Use R 3 for thermal balancing 
of inputs. 



Non-Inverting Amplifier 



Note: 



should be low 
impedance for 



R 1* R 2 optimum guarding 



Figure 4. Input Guard Connections. 



The MAX432 has the same offset and drift specifica- 
tions as the MAX430 but is designed for low power 
operation. As a low power op-amp it has been opti- 
mized for driving relatively light loads. With output 
currents above several hundred microamps, there will 
be some reduction in open loop gain and output 
swing. The MAX430, however, is guaranteed to swing 
±12V into a 10kn load. The MAX432's load driving 
limitations should, in general, not be a problem in 
replacement applications because conventional pre- 
cision amplifiers are not normally used where they 
must drive heavy loads. This is because the resulting 
output stage power dissipation often generates ther- 
mally induced error voltages elsewhere in the 
amplifier. 

Single Supply Operation 

The MAX430/432 is well suited for operation in single 
power supply applications, i.e. circuits that have sys- 
tem ground connected to V". With supply voltages of 
10 volts or above, the input range is typically from 
Ground to V + - 1.5V. At lower supply voltages the 
lower input range limit is higher (approx. GND + 0.5V 
at 5V supply). With a single power supply, the 
amplifier's output will swing to within approximately 
50mV of ground and V + when driving a 100kn load. 



Low Voltage Signals 

Realizing microvolt offset and nanovolt drift perform- 
ance goes beyond the selection of a precision ampli- 
fier (though it's not a bad start). When trying to 
amplify very low level signals any number of outside 
error sources can confuse the measurement. These 
errors are often indistinguishable from real signal or 
amplifier error, which of course is why they are a 
problem. 

Thermo-Electrlc Effect 

This property describes how thermocouples measure 
temperature. In short it states that two dissimilar 
metals in contact can be expected to generate a 
voltage. This is fine for thermocouples but is not so 
useful when pin-to-socket, socket-to-circuit board, 
and circuit board-to-edge connector junctions all 
generate signals which can add to input error. The 
voltage generated in such situations can range from 
0.1 to 10's of /A//°C, many times the offset drift of a 
MAX430/432. In general such problems are dealt with 
by minimizing sockets and connectors in low level 
circuitry and by using components designed for low 
thermal EMF when connectors, relays, etc. are 
unavoidable. 
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Gradients 

The presence of heat in low level circuitry is often not 
so much a problem as are thermal gradients. Gra- 
dients can, for example, cause normally balanced 
amplifier input connections to be at different temper- 
atures. These connections then generate different 
thermoelectric voltages that can no longer be com- 
pletely cancelled by the balanced inputs. The moral 
then is to minimize thermal gradients by keeping 
power dissipation and air currents in and around low 
level circuitry and connections at a minimum. 

Thermal Symmetry 

Another useful low level technique is to design thermal 
"symmetry" into the layout. This may mean adding 
dummy resistors and connections so that the thermal 
mass, as well as the number of thermoelectric error 
sources, in an input pair will cancel. It may also 
involve running input traces near each other and 
keeping their size the same as well. Thermal "filtering" 
with small enclosures or even insulation for sensitive 
areas can also be helpful. 



Low Current Signals, Input Guards 

Low leakage, high impedance CMOS inputs allow 
the MAX430 amplifier family to amplify the signals of 
very high impedance sources. Though the amplifier's 
input bias current is measured in picoamps, getting 
the surrounding connections to live up to that specifi- 
cation requires some attention. In applications where 
picoamp or nanoamp errors can be significant, board 
leakage either from surface contamination or through 
the board material itself may be a problem. 

Controlling Leakage 

Using low leakage board materials and proper clean- 
ing methods after assembly can provide marked 
reductions in leakage induced errors. Beyond this, 
conformal coatings can be used to control later sur- 
face contamination. In some cases, Teflon insulators 
and/or circuit board guard rings may be necessary to 
protect very high impedance nodes. Guard connec- 
tions for various amplifier configurations are shown 
in Figure 4. In each case the guard is connected to a 
low impedance point that is approximately at the 
same potential as the inputs. Leakage currents from 
other points on the board are then absorbed by the 
guard. For best results, guard rings should be used 
on both sides of the circuit board. 



Typical Applications 




.001!! SHUNT Id,! 



■ INSTRUMENT 
GROUND 



^ SUPPLY GROUND 



Note 1: R, = 3 cm. #20 solid copper wire. 

Note 2: Shunt contact point determined at calibration. 



Figure 5. Ultra-low Current Shunt Amp. 



D.C. Stabilized Power Op-Amp. Main amp has 5MHz 
unity-gain point. 



■ +15 VOLTS 




■ -15 VOLTS 
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Typical Applications 



iwrni 

mam lOkn 




Note 1: O, and connection terminals must be at the same temperature. 

Note 2: Values in parentheses are for type K thermocouple. 

Note 3: Connections to inverting input of op-amp should be kept as short as possible to reduce noise pickup. 

Note 4: Circuit power is ±15V. 



Figure 7. Amplifier with Cold-Junction Compensation for Grounded Thermocouples. 



Maxim cannot assume responsibility lor use ot any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied. 
Maxim reserves the right to change the circuitry and specifications without notice at any time. 
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General Description 

The MAX452 is a unity-gain stable, 50MHz video amplifier 
capable of driving a 75 ohm load directly. The MAX453, 
MAX454, and MAX455 combine the 50MHz video ampli- 
fier, of the MAX452, with an on-board multiplexer offering 
2, 4, or 8 channels respectively. All of the MAX452 family 
devices operate from ±5V supplies and typically con- 
sume only 250mW. 

Optimized for video applications, these amplifiers will 
directly drive a 150 ohm load to +2V, and will swing +1V 
into a 75 ohm load. All amplifiers are unity-gain stable and 
do not require external frequency compensation com- 
ponents. The MAX453/454/455 operate as positive-gain 
amplifiers, gain being set by two external resistors. Since 
they are connected as non-inverting amplifiers, their 
minimum closed-loop gain is OdB. In most applications 
the amplifier's closed-loop gain will be set at OdB or 
+ 6dB (1 V/V or 2 V/V), which guarantees a minimum 
bandwidth of 25MHz. 



Applications 

Video signal multiplexing 
75 ohm cable drivers 
Driving flash converters 
Video Crosspoint Switches 



Features 

♦ Unity-gain bandwidth of 50MHz typ. 

♦ Low input capacitance: 7pF typ. 

♦ No frequency-compensation required 

♦ Low power operation: 250mW typ. 

♦ Low bias current lOpAtyp. 

♦ Directly drives 75 ohm cable 

♦ 70 dB typical OFF isolation at 4 MHz 



Ordering Information 



PART 


TEMP. RANGE 


PACKAGE 


MAX452CPA 


0°Cto + 70°C 


8 lead plastic DIP 


MAX452CSA 


0°Cto +70°C 


8 lead small-outline 


MAX452C/D 


0°Cto +70°C 


Dice 


MAX452EPA 


-40°Cto +85°C 


8 lead plastic DIP 


MAX452EJA 


-40°Cto + 85°C 


8 lead CERDIP 


MAX452MJA 


-55°Cto +125°C 


8 lead CERDIP 


MAX453CPA 


0°Cto +70°C 


8 lead plastic DIP 


MAX453CSA 


0°Cto +70°C 


8 lead small-outline 


MAX453EPA 


-40°CIO +85°C 


8 lead plastic DIP 


MAX453EJA 


-40°Cto +85°C 


8 lead CERDIP 


MAX453MJA 


-55°Cto +125°C 


8 lead CERDIP 


MAX454CPD 


0°Cto +70°C 


14 lead plastic DIP 


MAX454CSD 


0°Cto +70°C 


14 lead small-outline 


MAX454EPD 


-40°Cto + 85°C 


14 lead plastic DIP 


MAX454EJD 


-40°CIO +85°C 


14 lead CERDIP 



(Ordering Information Continued on Last Page.) 



_Pin Configurations 



Top View 




aoLT 
ond [T A 
v-[T 

n. 



MAX453 



H v OUT 

H 

U V + 
T) IN1 




A2 Q 
A1 Q 
AO Q 
QNO \J 

v- rj 

INI Q 
NC Q 
IN2 Q 
IN3 Qo 



MAX455 



aD v out 

17] IN7 

16] NC 

ID IN6 

14] NC 

lU IN5 

12] NC 

TTJ IN4 



/vi/ixi/h is a registered trademark of Maxim Integrated Products. 



Maxim Integrated Products 4-41 



CMOS Video Multiplexer/Amplifier 



ABSOLUTE MAXIMUM RATINGS 

Total Supply Voltage (V+toV") 12 v 

Positive Supply Voltage. V + (rel GND) +12V 

Negative Supply Voltage, V~ (ret. GND) -12V 

Analog Input Voltage . : (V+) + 0.3 Vto (V~) -0.3 V 

Digital Input Voltage -0.3 V to (V+) + 0.3 V 

Storage Temperature Range -65°Cto + 160°C 

Operating Temperature Range 
MAX452CMAX453C, 

MAX454C.MAX455C 0°CtO+70°C 

MAX452E.MAX453E. 

MAX454E.MAX455E -40°Cto + 85°C 

MAX452M.MAX453M. 

MAX454M.MAX455M -55°C to + 125°C 



Lead temperature (Soldering. 10 sec) 300 C 

Duration of Output Short-Clrcult to ground Indefinite 

Input Current, power on or off 

Digital Inputs + 20 mA 

All other pins + 50mA 

Continuous Total Power Dissipation (T A = + 70°C) 

8 Pin CERDIP (derate 8.0mW/°C above 70°C) 640mW 

14 Pin CERDIP (derate 9.5mW/°C above 70°C) 760mW 

20 Pin CERDIP (derate 11.1m W/°C above 70°C) 890mW 

8 Pin Plastic DIP (derate 8.3mW/»C above 70°C) 660mW 

14 Pin Plastic DIP (derate 10.0mW/°C above 70°C) 800mW 

20 Pin Plastic DIP (derate 11.1mW/°C above 70°C) 890mW 

8 Pin Small-Outline (derate 5 9mW/°C above 70°C) 320mW 

14 Pin Small-Outline (derate 8 7mW/°C above 70°C) 480mW 

20 Pin Small-Outline (derate 10.0mW/°C above 70°C) 560mW 



Stresses above those listed under 'Absolute Maximum Ratings' may cause permanent damage to the device. These are stress ratings only and functional 
operation ot the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions tor extended periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS MAX452/3/4/5 

(V+ = +5V, V- =-5V, -2V< Vin-£ + 2V, Output Load Resistor = 1 50H ,T A = +25° C unless otherwise noted) 



PARAMETER SYMBOL CONDITIONS 


MIN. TYP. MAX. UNITS 


VIDEO AMPLIFIER 
(MAX452/3/4/5) 


Input Voltage Range 


V lN 


Over Temperature Range (Note 2) 


-2 2 


V 


Input Offset Voltage 


Vos 




2 5 


mV 


Offset Voltage Drift 


AV os /AT 


(Note 5) 


20 100 


HV/°C 


Input Bias Current 


Ir 


T A = +25°C(Note1) 
Over Temperature C 
Range (Notes 1 ,2) E 
M 


0.01 10 
1 10 
3 30 
50 500 


nA 


Input Resistance 


R IN 




10" 


a 


Open-Loop Voltage Gain 


A VOL 


R L = 1000fl 
R L = 150n 
R L = 75fl 


180 260 
45 70 
25 38 


VA/ 


Open-Loop Gain Drift 


AA VOL /AT 


R L = 150n 


0.5 


%/°c 


Common-Mode Rejection 
Ratio 


CMRR 


-2V <: Vin <; +2V 


60 80 


dB 


Power Supply Rejection 
Ratio 


PSRR 


+ 4.5V to + 5.5V 


54 66 


dB 


Slew Rate 


SR 


(Note 5) 


150 300 


V/jis 



Note 1: Input bias current Includes the multiplexer's ON-state leakage current for the MAX453, MAX454 and MAX455 

Note 2: Operating temperature range for "C" devices Is 0°C to 70°C. tor "E - devices Is -40°C to + 85°C. and for "M" devices Is -55°C to +125° C. 
Note 3: Input test signal: 3.58MHz slnewave of amplitude 40 IRE superimposed on a linear ramp (0 to 100 IRE). The amplifier Is operated at a gain of 2WV 

while driving a 150 ohm load. 
Note 4: Guaranteed over the voltage range, V~< V| N < V + . 

Not. s: Guaranteed by design (Continued on next page) 



4-42 



CMOS Video Multiplexer/Amplifier 



ELECTRICAL CHARACTERISTICS MAX452/3/4/5 (Continued) 

(V + = + 5V, V - = -5V, -2V < Vin < + 2V. Output Load Resistor = 1 50H , T A = + 25 ° C unless otherwise noted) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNITS 


VIDEO AMPLIFIER 
(MAX452/3/4/5) 


-3dB Bandwidth 


GBW1 


Av = 0dB, R L = 75il (Note 5) 


30 


50 




MHZ 


-3dB Bandwidth 


GBW2 


A v = 6dB, R L = 150fl (Note 5) 


25 


40 




MHz 


Differential Phase Error 


DP 


MAX452 (Notes 3, 5) 
MAX453/4/5 (Notes 3, 5) 


0.2 
1.2 


deg 


Differential Gain Error 


DG 


(Notes 3, 5) 


0.5 


% 


Settling-Time to 1 % 


ts 


AV=1V, R L = 150fl, A v = 6dB 


50 


ns 


Output Impedance 


^out 


f = 100kHz, A v = OdB 


2 


fl 


Full-Scale Output Current 


•out 


Rl= 150fl 


+ 14 


+ 20 




mA 


Output Voltage Swing 


Vout 


R L = 150H 


+ 2.1 


+ 3.0 




V 


Input Noise, dc to 40MHz 


Vn 


(Note 5) 




0.15 


0.5 


mV rms 


Operating Supply Voltage 


v + ,v- 




+ 4.5 




+ 5.5 


V 


Supply Current 


ls 


V IN = OV 


20 


25 


30 


mA 


MULTIPLEXER 
(MAX453/4/5) 


Input Voltage Range 


V IN 


Over Temperature 


-2 




2 


V 


OFF Input Leakage Current 




T A = +25°C(Note4) 




0.01 


10 






'off 


Over Temperature C 
Range (Notes 2, 4) E 
M 




1 

3 

50 


10 

30 
500 


nA 


Logic Low Threshold 


V,L 




0.8 


V 


Logic High Threshold 


VlH 




2.4 


V 


Input Pullup/down Current 


hiyiH 






5 


20 


M-A 


Turn-ON Time 


'on 


(Note 5) 




75 


120 


ns 


Turn-OFF Time 


'off 


(Note 5) 




25 


60 


ns 


Break-Before-Make Delay 


'd 


(Note 5) 


10 


50 




ns 


Channel "ON" Capacitance 


C ON 


(Note 5) 




7 


15 


pF 


Channel "OFF" Capacitance 


Coff 


(Note 5) 




3.5 


12 


pF 






f,N = 4MHz, R s = 75fl (Note 5) 










Channel "OFF" Isolation 


OIRR 


Channel 2 to Channel 3 
All other Channels 


45 
60 


55 
70 




dB 



Note 1: Input bias current Includes the multiplexer's ON-state leakage current for the MAX453, MAX454 and MAX455. 

Note 2: Operating temperature range for "C" devices Is 0°C to 70°C. for "E" devices Is -40°C to +85°C and for "M" devices Is -55°C to + 125°C 
Note 3: Input tesl signal: 3.58MHz slnewave of amplitude 40 IRE superimposed on a linear ramp (0 to 1 00 IRE) The amplifier Is operated at a gain of 2V/V 

while driving a 150 ohm load. 
Note 4: Guaranteed over the voltage range. V _ < V|n < V + 
Note S: Guaranteed by design. 
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5 
Si 

(ft 



MAX452 AND MAX455 DIFFERENTIAL GAIN 



MAX452 DIFFERENTIAL PHASE 





Input test signal: 3.58MHz slnewave of amplitude 40 IRE superimposed on a linear ramp (0 to 1 00 IRE) The amplifier Is operated at a gain of ZWV 
while driving a 150 ohm load. 



MAX455 DIFFERENTIAL PHASE 



MAX455 PULSE RESPONSE 



to m ! 
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■ 
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OPEN-LOOP GAIN vs. FREQUENCY 



OPEN-LOOP GAIN vs. TEMPERATURE 







R,= 1KO 


1 1 1 








i 






1 


















-R 


- 


- 
50) 


h 
■J - 




































— F 


If" 


w 

75 




i ■ 

























































































0.25 0.5 1 2 4 8 18 32 84 
FREQUENCY (MHz) 




-55 -35 -15 +5 +25 + 45+55+55 +125 
FREE - AIR TEMPERATURE (°C) 



✓viyjxiyw 



CMOS Video Multiplexer/Amplifier 



Pin Description 



PIN 

r 111 

NAME 


PIN NUMBER 


FUNCTION 


MAX452 


MAX453 


MAX454 


MAX455 


V + 


6 


6 


12 


18 


Positive Supply, + 5V 


V" 


3 


3 


4 


6 


Negative Supply, -5V 


Vnin- 
OUT 


8 


8 


14 


20 


Amplifier output 


-IN 


7 


7 


1 o 


1CJ 


Amplifier's inverting input 


+ IN 


5 








Amnlifipr's non-inv innirt 


INO 




4 


7 

f 


c 


Analoo inDut channel 


IN1 




5 


8 


7 


Anfllnn innut phannpl 1 

r>i iwiuy ii ipuL, ui icu II i~i i 


IN2 






10 


9 


Analog input, channel 2 


IN3 






11 


10 


Analog input, channel 3 


IN4 








11 


Analog input, channel 4 


IN5 








13 


Analog input, channel 5 


IN6 








15 


Analog input, channel 6 


IN7 








17 


Analog input, channel 7 


A2 








1 


Channel select, MSB 


A1 






1 


2 


Channel select 


AO 




1 


2 


3 


Channel select, LSB 


GND 




2 


3 


4 


Logic Ground 



Detailed Description 

The video amplifier is a low gain, wideband op-amp 
optimized for driving low impedance loads. Open-loop 
gain is about 40V/V with a 75 ohm load which introduces a 
small gain error. However, this can readily be trimmed by 
adjusting the gain-setting resistors. 

The MAX452/3/4/5 series are unity-gain stable when 
driving resistive loads. They are optimized for driving 75 
ohms at unity gain or 150 ohms at a gain of 2V/V with no 
frequency compensation components required. Gen- 
erally, for the best transient response, the load resistance 
should be (in ohms) 75 x GAIN(V/V). Thus, at a gain of 
+ 6dB (2V/y), the amplifie. '■! optimal load is 150 ohms. If a 
higher resistive load is used, the amplifier will show 
peaking near its -3dB frequency. If a capacitive load is 
being driven, such as the input to a flash converter, the 
load should be "isolated" by a series resistor to limit 
amplifier ringing, see Figure 4. 

The bandwidth of the amplifier is affected by both the 
closed-loop gain and the load resistor. Table 1 lists the 
-3dB rolloff frequency for a MAX453/4/5 with different 
gains and optimal resistive loads. The MAX452, which 
doesn't have the input multiplexer, runs about 20% 
higher in bandwidth. 



Table 1. 

Gain and Load Resistor Selection 



GAIN 


f-3dB 


R1 


R2 


Rload 


(V/V) 


(MHz) 


(H) 


(CI) 


(H) 


1 


50 





oo 


75 


2 


40 


1k 


1k 


150 


5 


30 


4k 


1k 


390 


10 


18 


9k 


1k 


750 



The multiplexers feature break-before-make switches to 
insure that no two channels are ever connected together. 
Low DC offset voltage and high bandwidth allow the 
MAX455 to be cascaded to form a 64 channel system 
while retaining video signal fidelity. 

Figure 1 shows a typical application of the MAX455. The 
circuit is being used to drive a back terminated 75 ohm 
cable. R3 and R4 terminate the cable at both ends. R3 
also attenuates the signal by af actor of two, so to make up 
for the signal loss, the amplifier is run at a gain of 2V/V. 
This arrangement provides unity gain from signal input to 
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cable output. Amplifier closed-loop gain is set by R1 and 
R2 giving, 

V 0UT _ G x (R1 + R2) 

V| N ~ (G x R2) + (R1 + R2) 

Where G is the open-loop gain of the amplifier, about 
70V/V with a 150 ohm load. Capacitors C1 and C2 are 
power supply bypass capacitors. 

Multiplexer channels are selected by the AO, A1 , and A2 
pins. These logic pins are compatible with either TTL or 



CMOS logic. The GND pin (which is a logic ground, NOT 
an analog ground) should be connected to digital 
ground. Table 2 shows selected channels for the different 
states of the control lines. If AO, A1 , and A2 are left floating, 
internal pullup/pulldown sources will hold AO and A1 low, 
and A2 high. Thus, channel is the default channel forthe 
MAX453 and MAX454, while channel 4 is the default 
channel for the MAX455. Pullup/pulldown currents are 
typically around 5uA 



Table 2. 

Channel Selection 



MAX453 


MAX454 


MAX455 


AO Channel 


A1 


AO 


Channel 


A2 


A1 


AO 


Channel 


L 0* 


L 


L 


0* 


L 


L 


L 





H 1 


L 


H 


1 


L 


L 


H 


1 




H 


L 


2 


L 


H 


L 


2 




H 


H 


3 


L 


H 


H 


3 










H 


L 


L 


4* 










H 


L 


H 


5 










H 


H 


L 


6 










H 


H 


H 


7 


•Default channel If selection pins are left floating. 



v+ 

+ 5 0V 



18 



ANALOG 
INPUT 



MAX455 



IN7 

IN6 
IN5 
IN4 
INS 
IN2 
IN1 
INO 



C1 

0.1>jF 



A2 A1 AO 



CHANNEL 
SELECT 




C2 
1uF 



r 

- -5.0V 



1 



Figure 1. Typical Application 
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Typical Applications 

Figure 2 shows the connections for a unity-gain amplifier. 
R1 and R2 adjust the gain to be nominally 1 .OOV/V. R3 is a 
75 ohm load resistor. If precise unity-gain is not needed, 
R1 and R2 can be omitted and -IN can be connected 
directly to V ijt- 




Figure 2. Unity-Gain Connections 

Figure 3 shows how 64 channels can be multiplexed 
together. Eight MAX455s select 8 out of 64 channels, and 
afinal M AX455 selects one of the 8 intermediate channels. 
The first eight MAX455s are connected as unity-gain 
amplifiers with 150 ohm load resistors. This results in a 
voltage gain of about 0.99V/V. The 1 50 ohm loads will also 
cause these unity-gain amplifiers to peak around 40MHz 
which tends to cancel the rolloff of the final amplifier 
running at a gain of 2V/V. The overall gain is adjusted by 
R1. The -3dB frequency is about 35MHz. 

Figure 4 shows the amplifier driving a capacitive load . The 
27 ohm resistor provides isolation between the capacitive 



load and the amplifier output. This minimizes signal 
peaking at high frequencies. As a rule, the resistor should 
be chosen such that the RC product is 10ns or longer. 
This scheme shouldn't be used if R is greater than 
150 ohms (or C is less than 100pF). The amplifier can 
drive 100pF directly without an isolation resistor. 

The video amplifier is similar to a transconductance 
amplifier in that the output is a current proportional to the 
difference of the input voltage and the feedback voltage. 
Gm is about 0.5 mA/mV. The output impedance of the 
amplifier is around 1k ohms. This gives an unloaded 
voltage gain of, 

Gm x Ro = 500 V/V 

or about 54 dB. 

Video signals are often of one polarity, e.g., ranging from 
to + 1 V full scale. When amplifying these signals, phase 
distortion can be reduced by biasing the output stage of 
the video amplifier as shown in Figure 5. Here a signal is 
driven to + 2V into a 1 50 ohm load. R2 provides 6.5 mA 
of drive to the load at mid scale (1 V) . The amplifier, instead 
of supplying to 13mA, supplies a more symmetric 
+8mA which reduces phase distortion to about 1 de- 
gree at 4 MHz. Because of the amplifier's finite gain of 
0.5mA/mV, the current from R2 introduces an offset 
voltage. Adding R1 compensates for this offset. R3 and 
R4 set the closed-loop gain of the amplifier. 

Care should be taken in laying out the printed circuit 
board connections to minimize cross-talk between 
channels. This can be augmented by using ground 
traces between the signal paths. 
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• Chosen to compensate for stray Input capacitance 



Figure 3. Nine MAX455S Used to Multiplex 64 Channels. 
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CMOS Video Multiplexer/Amplifier 



Power supply voltages should be maintained to within 
± 5% of the nominal ± 5.00V values for optimum per- 




Figure 4. Isolating a Large Capacilive Load. 

Ordering Information (continued) 



PART 


TEMP. RANGE 


PACKAGE 


MAX454MJD 


-55°Cto + 125°C 


14 lead CERDIP 


MAX455CPP 


0°Cto + 70°C 


20 lead plastic DIP 


MAX455CWP 


0°Cto + 70°C 


20 lead small-outline 


MAX455C/D 


0°Cto + 70°C 


Dice 


MAX455EPP 


-40°Cto +85°C 


20 lead plastic DIP 


MAX455EJP 


-40°Cto +85°C 


20 lead CERDIP 


MAX455MJP 


-55°Cto +125°C 


20 lead CERDIP 




R2 

620O 



Vn = V, 



OUT/2 



T 

i 



R3 

1.07kO 



R4 
1kO. 



750 



•Chosen to compensate for stray Input capacitance. 



Figure 5. Minimizing Phase Distortion 



Chip Topographies 




Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied. 
Maxim reserves the right to change the circuitry and specifications without notice at any time. 
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ADVANCE INFORMATION 

FIRST PAGE Of DATA SHEET IN PREPARATION 



General Description 

The MAX456 features a 64 T-switch matrix arranged for 
8 input channels and 8 output channels. Each of the 8 
matrix outputs drives an internal video amplifier that is 
capable of driving a load of 400Q and 20pF to ±1 .2V. 
Configuration data is entered into the MAX456 by a 7-bit 
parallel word, a 7-bit serial word, or a 32-bit serial stream . 
This data controls the T-switches, which allow each of the 
8 output channels to be connected to any one of the 8 
input analog channels. 

The MAX456 pin out is arranged in a straight-through 
architecture. The analog inputs are on one side, and the 
outputs are on the other side with either a power-supply 
line or a "quiet" digital logic line positioned between each 
channel to minimize crosstalk. Furthermore, the outputs 
line up with 4 MAX457s (dual-video amplifiers), which 
drive 75£2 cables. 
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Crosspoint Video Switch 

Features 

♦ Programmability 

♦ 3 interface Modes - Serial or Parallel Digital 
Interface 

♦ 250V/lis Slew Rate 

♦ internal 400£2 Load Terminations 

♦ 0.3' Diff. Phase 

♦ 60dB Off Isolation at 5MHz 



Video Test Equipment 
Video Security Systems 
Video Editing 



Applications 



Pin Configuration 



Functional Diagram 
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INTRODUCTORY 

SPECIFICATIONS BASED ON EVALUATION OF LIMITED HLIMREfl OF OETOES 



General Description 

The MAX457 contains two unity-gain stable video 
amplifiers that are capable of driving 750 loads with 
a -3dB bandwidth of 70MHz. The amplifiers operate 
from +5V supplies and together consume about 
350mW of power. Closed loop gain is set by two 
external resistors. The pinout of the MAX457 follows 
that of conventional 8-pin, dual op amps. 

The amplifiers require no external compensation and 
because of the CMOS process offer low input bias 
current of typically 100pA. The isolation between the 
amplifiers is typically 72dB at 5MHz and differential 
phase and gain are 0.2 degrees and 0.5% respectively. 
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Dual CMOS Video Amplifier 

Features 

♦ Unity-Gain Bandwidth of 70MHz 

♦ Low Input Capacitance: 4pF 

♦ No Frequency Compensation Required 

♦ Low Input Bias Current: lOOpA 

♦ Directly Drives 750 Cables 

♦ High Isolation Between Amplifiers: 72dB at 5MHz 

♦ Low Offset Voltage: 2mV 



Applications 

750 Cable Drivers 

Output Amplifiers for Video Crosspoint 
Switches 

High Speed, Low Gain Applications 
Driving Flash Converters 
Video Distribution Amplifiers 



Ordering Information 



PART TEMP. RANGE PACKAGE 

MAX457CPA 0°C to +70" C 8 Lead Plastic DIP 

MAX457CSA 0°C to +70° C 8 Lead SO 

MAX457C/D 0°C lo +70° C Dice 

MAX457EPA -40°C to +85°C 8 Lead Plastic DIP 

MAX457EJA -40°C to +85°C 8 Lead CERDIP 



Topical Operating Circuit 



+ SV -5V 
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MAX457 Dual Video 70MHz Distribution Amplifier 



Top View 
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Pin Configuration 
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Dual CMOS Video Amplifier 



ABSOLUTE MAXIMUM RATINGS 

Total Supply Voltage (V* to V) 12V 

Analog Input Voltage (V* +0.3V) to (V -0.3V) 

Storage Temperature Range -65°C to +150°C 

Operating Temperature Range 
MAX457CPA, MAX457CSA, 

MAX457C/D 0°C to +70° C 

MAX457EPA, MAX457EJA -40° C to +85° C 



Lead temperature (Soldering 10 sec) +300°C 

Duration of Output Short Circuit to Ground . . . Indefinite 

Input Current, power on or off +50mA 

Continuous Total Power Dissipation at 70°C 

Plastic DIP (derate 8.3mW7°C above 70°C) 660mW 

CERDIP (derate 8.0mW/°C above 70°C) 640mW 

Small Outline (derate 5.9mW/°C above 70° C) . . . 470mW 



Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specilication is not 
implied. Exposure to absolute maximum rating conditions tor extended periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS 

(V* = +5V, V = -5V, -2V < Vin < +2V, Output Load Resistor = 150O, T A = +25°C, unless otherwise noted ) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Input Voltage Range 


VlN 


Over Temperature Range 


-2 




+2 


V 


Input Offset Voltage 


Vos 




-5 


+2 


+5 


mV 


Offset Voltage Drift 


dVos/dT 






20 


100 


pV/°C 


Input Bias Current 


Ib 


T A = +25° C 
T A = +70° C 
T A = +85° C 




0.1 
5 
15 


1 

40 
100 


nA 


Input Resistance 


Rin 


T fl = +25° C 


10 


GO 


Input Capacitance 


C|N 


Plastic Package 


4 


pF 


Open Loop Voltage Gain 


Avol 


R L = 1000O 
R L = 150O 
Rl = 750 


200 
45 
25 


300 
65 
35 




V/V 


Open Loop Gain Drift 
Temperature Coefficient 


dAvoL/dT 


R L = 150O 


-0.6 


%/°C 


Common Mode Rejection 
Ratio 


CMRR 


-2V < Vin < +2V 


54 


66 




dB 


Power Supply Rejection 
Ratio 


PSRR 


+4.5V to ±5.5V 


54 


66 




dB 


Slew Rate 


SR 


(Note 1) 


150 


300 




Wfts 


-3dB Bandwidth 


GBW1 


A v = OdB, R L = 750 (Note 1) 


50 


70 




MHz 


-3dB Bandwidth 


GBW2 


A v = 6dB, R L = 150O (Note 1) 


35 


50 




MHz 


Differential Phase Error 


DP 


(Notes 1, 2) 


02 


deg 


Differential Gain Error 


DG 


(Notes 1. 2) 


0.5 


% 


Settling Time to 1% 


ts 


R L = 150O, A v = 6dB 


50 


ns 


Output Impedance 


Rout 


f = 100kHz, A v = OdB 


2 


Q 


Full Scale Output Current 


I out 


R L = 150Q 


+ 15 


+20 




mA 


Output Voltage Swing 


Vout 


R L = 150O 


+2.1 


+2.5 




V 


Input Noise, DC to 50MHz 


Vn 


(Note 1) 




0.15 


0.5 


mVRMS 


Isolation Between 
Amplifiers 


ISOL 


f = 5MHz (Note 1) 


60 


72 




dB 


Operating Supply Voltage 


V*, V 




+4.5 




±5.5 


V 


Supply Current 


Is 


T* = +85°C Both Am P' ifiers 


30 
34 


35 
39 


42 
50 


mA 



Note 1: Guaranteed by design. 

Note 2: Input test signal: 3.58MHz sine wave of amplitude 40 IRE superimposed on a linear ramp (0 to 100 IRE). The amplifier 
is operated at a gain of 2V/V while driving a 150O load. 140 IRE = 1.0V. 
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Dual CMOS Video Amplifier 



"typical Operating Characteristics 

OPEN LOOP GAIN DC OPEN LOOP GAIN 

vs FREQUENCY vs TEMPERATURE 




FREQUENCY (MHz) FREE AIR TEMPERATURE (°C) 



Detailed Description 

The MAX457's dual video amplifiers are similar in 
design to the MAX452 single video amplifier, how- 
ever, improvements have been made in gain linearity 
and bandwidth. The MAX457 video amplifier is similar 
to a transconductance amplifier that has an output 
current proportional to the difference of the voltages 
at the input terminals. That is, 

l OUT = Gm x [(V IN + ) - (V IN -)] 

where Gm is about 0.6 amps/V. The output impe- 
dance of the amplifier is about 1.1 kO. This gives an 
unloaded voltage gain of Gm * R 0UT = 660V/V. This 
open loop gain is drastically reduced when driving 
conventional loads of 75 or 150O. 




Figure 1. Typical Application 



Figure 1 shows a typical application of one of the 
amplifiers of a MAX457 being used to drive a doubly 
terminated 750 cable. The closed loop gain of the 
amplifier is 2.00V/V. R1 is 1.05kfi instead of 1kf5 to 
make up for the low open loop gain of the MAX457. 
R1 can be calculated from the following equation: 

R1 = [(AG + A - G)/(G - A)] x R2 



where A is the closed loop gain of the amplifier, and 
G is the open loop gain of the amplifier (approx- 
imately equal to Gm * Rload)- m * n ' s particular 
example, Gm is 0.6, R L oad is about 124fi [(R ut para- 
lleled with (R1 + R2) paralleled with 150O load)], and 
R2 is 1kn. Thus, G is 0.6 x 124 = 74.4V/V, and A is 
2V/V (the targeted closed loop gain value). This gives 
a value of 1.05kQ for R1. C1 and C2 are power supply 
bypass capacitors. C3 helps prevent peaking at high 
frequencies. This peaking results from the input 
capacitance of the amplifier which is driven by the 
relatively high impedance of the feedback resistors, 
R1 and R2. At 50MHz, the feedback resistors cause a 
substantial phase delay. Adding C3 eliminates this 
delay. At higher closed loop gains (about 5V/V or 
more), C3 serves little purpose and should be omitted. 

The MAX457 is unity gain stable when driving a 75fl 
load. To insure that the amplifier doesn't oscillate, 
the load resistor should be nominally 75 * A VCL , 
where A VCL is the closed loop gain of the amplifier. 
Following this rule will result in a minimum amount 
of ringing or overshoot. Higher values may be used, 
but peaking of the output signal may occur in the 30 
to 60MHz range. It is generally safe to use loads less 
than 150 * A V q L . Table 1 gives suggested loads for 
various closed loop gains. R2 is arbitrarily chosen to 
be 1kO. R1 is calculated to give the nominal closed 
loop gain with the specified load. Note that the gain- 
bandwidth product increases as R LO ad increases. 



Table 1. Gain and Load Resistor Selection 



GAIN 


f-3dB 


R1 


R2 


"load 


(V/V) 


(MHz) 


(«) 


(O) 


(O) 


1 


70 


39 


1000 


75 


2 


50 


1050 


1000 


150 


5 


40 


4170 


1000 


390 


10 


25 


9420 


1000 


750 
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Dual CMOS Video Amplifier 



If the MAX457 is used to drive a capacitive load, such 
as the input to a flash converter, the load capacitance 
should be isolated by a series resistor to limit ampli- 
fier ringing. Figure 2 shows how this is done. As a 
rule, the resistor should be chosen such that the RC 
product is 10ns or longer. This scheme needn't be 
used if C L0AD is less than 100pF. 




VOUT 



Figure 2. Isolating a Capacitive Load 

Chip Topography 




.063" 
(1.60mm) 



Maxim cannot assume responsibility for use of any circuitry other than circuitry entirety embodied in a Maxim product. No circuit patent licenses are implied. 
Maxim reserves the right to change the circuitry and specifications without notice at any time. 
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INTRODUCTORY 



SPECIFIC* IIT.KS BASED ON EVALUATION OF LIMITED NUMBER Of DEVICES 
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High-Precision, Low-Voltage, 
Micropower Operational Amplifier 

General Description 



Maxim's new MAX480 is a precision micropower oper- 
ational amplifier with flexible power-supply capability 
and superior DC performance characteristics over the 
industry standard OP90. The MAX480's guaranteed 
7CV/V maximum offset voltage (25/jVtyp) is the lowest of 
any other micropower op amp. This represents a better 
than two times improvement over the highest grade 
OP90A. Similarly, input bias current, input offset 
current and drift specifications are improved over 
the OP90 Family. 

Both input and output voltage ranges include the 
negative supply rail, allowing maximum signal range 
capability in single-supply applications. The MAX480 
operates with either single supplies ranging from +1.6V 
to +36V or dual supplies from ±0.8V to +18V. The 
MAX480 consumes less than 20/jA, allowing operation 
in excess of 10,000 hours from a 250mA-hr lithium coin 
cell. Even with a minimal quiescent current, the ampli- 
fier sinks or sources 5mA from its output. 

The MAX480 is available in 8-pin DIP and Narrow Small 
Outline (SO) packages in commercial, extended and 
military temperature ranges. 



Applications 



Precision Micropower Amplifiers 
Micropower Signal Processing 
Battery-Powered Analog Circuits 



Single- or Dual-Supply Operation: +1.6V to +36V, 
±0.8V to ±18V 

True Single-Supply Operation: Input and Output 
Voltage Ranges Include Ground 

1.5//V/°C Max Offset Voltage Drift 

20/jA Max Supply Current 

5mA Min Output Drive 

70/jV Max Input Offset Voltage 

3nA Max Input Bias Current 

700V/mV Min Open-Loop Gain 

Standard 741 Pin Out With Nulling to V- 

Improved OP90 Replacement 



Ordering Information 



PART 


TEMP. RANGE 




MAX480CPA 


0°Cto +70° C 


8 Plastic DIP 


MAX480CSA 


0°Cto +70° C 


8 Narrow SO 


MAX480EPA 


-40° C to +85° C 


8 Plastic DIP 


MAX480ESA 


-40°Cto +85° C 


8 Narrow SO 


MAX480MJA 


-55°Cto+125°C 


8CERDIP 



Typical Operating Circuit 
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Pin Configuration 



TOP VIEW 
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Maxim Integrated Products 4-55 



High-Precision, Low-Voltage, 
Micropower Operational Amplifier 



ABSOLUTE MAXIMUM RATINGS (Note 1) 

Supply Voltage (V+ to V-) +18V 

Internal Power Dissipation 500mW 

CERDIP (J) — derate at 8.0mW/°C above +70°C 

Plastic DIP (P) — derate at 6.9mW/°C above +70°C 

Small Outline (S) — derate at 5.88mW/°C above +70°C 

Differential Input Voltage [(V-)-20V] to [(V+J+20V] 

Common-Mode Input Voltage .... [(V-)-20V] to [(V+)+20V] 
Output Short-Circuit Duration Indefinite 

Note 1: Absolute maximum ratings apply to packaged parts, unless otherwise noted. 



Operating Temperature Range 

MAX480 (CPA, CSA) 0°Cto+70°C 

MAX480 (EPA, ESA) -40° C to +85° C 

MAX480MJA -55° C to +125° C 

Junction Temperature (Tj) -65°C to +150°C 

Storage Temperature Range -65°C to +150°C 

Lead Temperature (Soldering, 10 sec.) +300°C 



Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation ol the device at these or any other conditions beyond those indicated in the operational sections ol the specifications is not 
implied. Exposure to absolute maximum rating conditions for extended periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS 

(V s = +1.5V to ±15V, T A = +25°C, unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MAX480 


UNITS 


MIN 


TYP 


MAX 


Input Offset Voltage 


Vos 






25 


70 


A<V 


Input Offset Current 


I OS 


V CM = 0V 




0.2 


1 


nA 


Input Bias Current 


Ib 


Vcm = 0V 




1 


3 


nA 


Large Signal Voltage Gain 


Avo 


V s = +15V, V = +10V 
R L = 100kQ 
R L = 10kC 
R L = 2kfi 


700 
350 
125 


1200 
600 
250 




V/mV 


V+ = 5V, V- = 0V 1V<V <4V 
R L = 100kO 
R L = 10kQ 


200 
100 


400 
180 




Input Voltage Range 


IVR 


V+ = 5V, V- = 0V 
V s = ±15V (Note 2) 


0/4 

-15/13.5 


V 


Output Voltage Swing 


Vo 


V s = +15V 
Rl - 10kO 
R L = 2kO 


+14 
+11 


±14.2 
±12 




V 


VOH 


V+ = SV, V- = 0V, R L = 2kQ 


4.0 


4.2 








Vol 


V+ = 5V, V- = 0V, R L = 10kO 




100 


500 


//V 


Common-Mode Rejection Ratio 


CMRR 


V+ = 5V, V- = 0V, 0V<V CM <4V 
V s = ±15V -15V<V CM <13.5V 


90 
100 


110 
130 




dB 


Power-Supply Rejection Ratio 


PSRR 






1.0 


5.6 


AiV/V 


Slew Rate 


SR 


V s = +15V 


5 


12 




V/ms 


Supply Current 


ISY 


V s = +1.5V 
V s = +15V 




9 
14 


15 
20 


m 


Capacitive Load Stability 




A v = +1 

No Oscillations (Note 3) 


250 


650 




PF 


Input Noise Voltage 


e np-p 


f o = 0.1Hz tolOHz, V S = ±15V 


3 


A<Vp-p 


Input Resistance Differential Mode 


R|N 


V s = ±15V 


30 


MO 


Input Resistance Common Mode 


RlNCM 


V s = +15V 


20 


Gn 
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High-Precision, Low-Voltage, 
Micropower Operational Amplifier 

ELECTRICAL CHARACTERISTICS 

(Vs = +1.5V to ±15V, T A = T M in to T M ax, unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MAX480C 


MAX480E 


MAX480M 


UNITS 


MIN TYP MAX 


mil run ka a v 
MIN TYP MAX 


UIU T VO ■ ■ A V 

MIN TYP MAX 


Input Offset 
Voltage 


Vos 




40 100 


50 150 


70 200 


fiV 


Input Offset 
Voltage Drift 


TCVnc 
i *~*voS 




0.3 1.5 


0.3 1.5 


0.3 1.5 


/iV/°C 


Input Offset 
Current 


los 


Vcm = OV 


0.2 2.0 


0.3 2.0 


0.5 2.0 


nA 


Input Bias 
Current 


Ib 


V CM = OV 


1 3 


2 5 


3 7 


nA 


Large Signal 
Voltage Gain 


Avo 


V s = ±15V, V = +10V 
R L = 100kO 
R L = 10kO 
Rl = 2kO 


500 950 
250 400 
75 125 


500 800 
250 400 
75 150 


225 400 
125 240 
50 110 


V/mV 


V+ = 5V, V- = OV, 
1V<Vo<4V 

R L = 100kO 

R L = 10kO 


150 360 
75 150 


150 280 
75 140 


100 200 
50 110 


Input Voltage 
Range 


IVR 


V+ = 5V V- = OV 
V s = ±15V (Note 2) 


0/3.5 
-15/13.5 


0/3.5 
-15/13.5 


0/3.5 
-15/13.5 


V 


Output 

Voltage Swing 


Vo 


V s = ±15V 
R L = 10kO 
Rl - 2kQ 


±13.5 ±14 
+m c. +11 ft 


±13.5 ±14 
+in c +11 R 


±13.5 ±13.7 
+m +11 ^ 


V 


V OH 


V+ = 5V, V- = OV 
R L = 2kO 


3.9 4.1 


3.9 4.1 


3.9 4.1 


Vol 


V+ = 5V, V- = OV 
R L = 10kO 


100 500 


100 500 


100 500 


HM 


Common- 
Mode 
Rejection 
Ratio 


CMRR 


V+ = 5V, V- = OV, 
0V<Vcm<3.5V 
V s = +15V, 
-15V<V CM <13.5V 


90 110 
100 120 


90 110 
100 120 


85 105 
95 115 


dB 


Power-Supply 
Rejection Ratio 


PSRR 




1.0 5.6 


1.0 5.6 


3.2 10 


A(V/V 


Supply 
Current 


Isy 


Vs = ±1.5V 
V S = ±15V 


12 25 
16 30 


13 25 
17 30 


15 25 
19 30 


//A 



Note 2: Guaranteed by CMRR test. 
Note 3: Guaranteed by design. 
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High-Precision, Low-Voltage, 



Typical Operating Characteristics 



INPUT OFFSET VOLTAGE 
vs TEMPERATURE 



INPUT OFFSET CURRENT 
vs TEMPERATURE 



INPUT BIAS CURRENT 
vs TEMPERATURE 
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SUPPLY CURRENT 
vs TEMPERATURE 
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OPEN-LOOP GAIN vs 
SINGLE-SUPPLY VOLTAGE 
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OPEN-LOOP GAIN AND 
PHASE SHIFT vs FREQUENCY 
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CLOSED-LOOP GAIN 
vs FREQUENCY 



OUTPUT VOLTAGE SWING 
vs LOAD RESISTANCE 
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OUTPUT VOLTAGE SWING 
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High-Precision, Low-Voltage, 
ropower Operational Amplifier 

typical Operating Characteristics (continued) 



POWER-SUPPLY REJECTION 
RATIO vs FREQUENCY 



COMMON-MODE REJECTION 
RATIO vs FREQUENCY 




NOISE VOLTAGE DENSITY 
vs FREQUENCY 
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High-Precision, Low-Voltage, 
Micropower Operational Amplifier 




OUT 




Figure 1. Offset Nulling Circuit 



Figure 2. Burn-In Circuit 
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High-Speed, Low-Power 
Quad Voltage Comparators 

General Description 



The MAX900/MAX901 high-speed, low-power quad volt- 
age comparators contain differential analog inputs and 
TTL logic outputs with active internal pullups. Propaga- 
tion delay is 8ns with a 5mV input overdrive. By combining 
fast propagation delay with low power, the 
MAX900/MAX901 are ideal for a wide range of applica- 
tions including fast A/D converters and sampling circuits, 
line receivers, V/F converters and many other general 
purpose data-discrimination applications. 

Both comparators can be powered from separate analog 
and digital power supplies or from a single combined 
supply voltage. The analog input common-mode range 
includes the negative rail, allowing ground sensing when 
powered from a single supply. The MAX900/MAX901 
power consumption is 70mW when powered from +5V. 

The 4 comparators in the MAX900 are equipped with 
independent TTL compatible latch inputs. The com- 
parator output states are held when the latch inputs are 
driven low. The MAX901 provides the same performance 
as the MAX900 with the exception of the latches. The 
MAX900/MAX901 are offered in 20- and 16-pin DIP and 
Wide SO packages, respectively. 

Applications 



Features 

♦ 8ns Propagation Delay (Typ) 

♦ 70mW Power Consumption (Typ at +5V) 

♦ Separate Analog and Digital Supplies 

♦ Flexible Analog Supply: +5V to +10V or ±5V 

♦ Input Range Includes Negative Supply Rail 

♦ TTL Compatible Outputs 

♦ TTL Compatible Latch (MAX900 Only) 

Ordering Information 



High-Speed A/D Converters 
High-Speed V/F Converters 
Line Receivers 
Threshold Detectors 
Input Trigger Circuitry 
High-Speed Data Sampling 



PART 


TEMP. RANGE 


PIN-PACKAGE 


MAX900ACPP 


0°C to +70'C 


20 Plastic DIP 


MAX900BCPP 


0"C to +7CTC 


20 Plastic DIP 


MAX900ACWP 


0"C to +70*C 


20 Wide SO 


MAX900BCWP 


0"C to +7CTC 


20 Wide SO 


MAX900BC/D 


0"C to +7CTC 


Dice" 


MAX900AEPP 


-40"C to +85'C 


20 Plastic DIP 


MAX900BEPP 


-40"C to +85'C 


20 Plastic DIP 


MAX900AEWP 


-40°C to +85"C 


20 Wide SO 


MAX900BEWP 


-40'C to +85'C 


20 Wide SO 


MAX900AMJP 


-55'Cto +125'C 


20 CERDIP 


MAX900BMJP 


-55'Cto +125"C 


20 CERDIP 



* Consult factory for dice specifications. 
Ordering information for MAX900 only. 



Pin Configurations 



TOP VIEW 



IN -(A) |T 
IN + (A) f£ -j 



GND |_3 
LATCH (A) [T A 
OUT (A) g' ^ ^ ^ 

OUT(B) [J .MAX900 

LATCH (B) [7 

Vee (ANALOG V-) 
(AND SUBSTRATE) L» 

IN + (B) g J 



IN - (B) [To 



"CT 



go) IN -(D) 
r?9] IN + (D) 




18j Vcc (ANALOG V+) 

u\ LATCH (D) 

ij] OUT(D) 

7J] OUT(C) 

u] LATCH (C) 

Til Vdo (DIGITAL V+) 

^TJ] INt(C) 

TTJ IN -(C) 



IN- (A) [T — 
IN + (A) 
GND _ 



14] 

OUT (A) [T 



OUT(B) [5 —\MAX901r- 

Vee (ANALOG V-) <TT B /\ A\ 771 Vdd (DIGITAL V+) 
(AND SUBSTRATE) L°- A -\ /- A,|IiJ 

IN+(B) U J 

IN-(B) g 



-TU IN-(D) 

r l| IN*(D) 

JJ VCC (ANALOG V+) 

13] OUT(D) 

12] OUT(C) 



t To] w + (C) 

9] IN-(C) 



DIP/SO 



DIP/SO 
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AnstxiM is a registered trademark of Maxim Integrated Products. 
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Power-Supply Circuits 



MAX631 CMOS Fixed/Adjustable Output Step-Up Switching Regulator 5-1 

MAX632 CMOS Fixed/Adjustable Output Step-Up Switching Regulator 5-1 

MAX633 CMOS Fixed/Adjustable Output Step-Up Switching Regulator 5-1 

MAX635 Preset/Adjustable Output CMOS Inverting Switching Regulator 5-9 

MAX636 Preset/Adjustable Output CMOS Inverting Switching Regulator 5-9 

MAX637 Preset/Adjustable Output CMOS Inverting Switching Regulator 5-9 

MAX638 +5V/Adjustable CMOS Step-Down Switching Regulator 5-17 

MAX641 Fixed Output 10W CMOS Step-Up Switching Regulator 5-25 

MAX642 Fixed Output 10W CMOS Step-Up Switching Regulator 5-25 

MAX643 Fixed Output 10W CMOS Step-Up Switching Regulator 5-25 

MAX650 -48V to +5V Output Switching DC-DC Converter 5-37 

MAX654 Low Voltage Step-Up DC-DC Converter 5-47 

MAX655 Low Voltage Step-Up DC-DC Converter 5-47 

MAX656 Low Voltage Step-Up DC-DC Converter 5-47 

MAX657 Low Voltage Step-Up DC-DC Converter 5-47 

MAX658 Low Voltage Step-Up DC-DC Converter 5-47 

MAX659 Low Voltage Step-Up DC-DC Converter 5-47 

MAX663 CMOS +5V/Adjustable Micropower Positive Voltage Regulator 5-59 

MAX664 CMOS +5V/Adjustable Micropower Negative Voltage Regulator 5-59 

MAX666 CMOS +5V/Adjustable Voltage Regulator with Low Battery Detect 5-59 

MAX667 +5V/Programmable Low-Dropout Voltage Regulator 5-67 

MAX680 +5V to ±10V Voltage Converter 5-69 

MAX681 +5V to +10V Voltage Converter 5-69 

MAX690 Microprocessor Watchdog/Battery Switchover/Reset Generator 5-75 

MAX691 Microprocessor Watchdog/Battery Switchover/Reset Generator 5-75 

MAX692 Microprocessor Watchdog/Battery Switchover/Reset Generator 5-75 

MAX693 Microprocessor Watchdog/Battery Switchover/Reset Generator 5-75 

MAX694 Microprocessor Supervisory Circuit/Battery Switchover/Reset Generator 5-75 

MAX695 Microprocessor Watchdog/Battery Switchover/Reset Generator 5-75 

MAX698 Low Cost Power-On Reset 5-89 

MAX699 Low Cost Power-On Reset and Watchdog Controller 5-89 

MAX700 Power-Supply Monitor with Reset 5-93 

MAX701 Power-Supply Monitor with Reset 5-93 

MAX702 Power-Supply Monitor with Reset 5-93 

MAX742 Dual-Output, Switch-Mode Regulator (+5V to ±15V or +12V) 5-97 

MAX743 Dual-Output, Switch-Mode Regulator (+5V to ±15V or +12V) 5-99 

MAX790 High-Performance Supervisory Circuit 5-103 

MAX791 High-Performance Supervisory Circuit 5-103 
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CMOS Fixed/Adjustable Output 



General Description 

The MAX631, MAX632, and MAX633 are +5V, +12V, and 
+ 15V fixed output, step-up DC-DC converters for use in 
low-power, high-efficiency switching regulator applica- 
tions. The only external components required are an 
output filter capacitor and a low-cost inductor. Included 
on-chip are low battery detection circuitry and a charge 
pump output for generating a negative voltage in dual- 
supply applications. 

Though most simply used as fixed output regulators, the 
MAX63 1/632/633 can also be set for other output volt- 
ages by adding an external voltage divider. 

Maxim manufactures a broad line of step-up, step-down, 
and inverting DC-DC converters, with features such as 
logic-level shutdown, adjustable oscillator frequency, 
and external MOSFET drive. 



Applications 



Features 



Minimum Component, High-Efficiency 
DC-DC Converters 

Portable Instruments 

Rechargeable and Primary Battery 
Power Conversion 

Uninterruptable On-Board Power Supplies 
Card Level Multiple Power Conversion 



_Pin Configuration 



Top View 






LBI [7 
LBO [J 
GND [3 
LX [T 


MJBllM 

MAX631 
MAX632 
MAX633 


7] COMP 
j] VFB 

e] cp 

J] VOUT 




DIP/SO 





/h^xi/h is a registered trademark of Maxim Integrated Products. 
Dual Mode is a trademark of Maxim Integrated Products. 



♦ Fixed +5V, +12V, +15V Output Voltages 

♦ Adjustable Output with 2 Resistors 

♦ 80% Typ Efficiency 

♦ Only 2 External Components 

♦ Charge Pump for Negative Output 

♦ 135|iA Typ Operating Current 

Ordering Information 



PART* 


TEMP. RANGE 


PIN-PACKAGE 


MAX631XCPA 


0"C to +70"C 


8 Plastic DIP 


MAX631XCSA 


O'C to +70'C 


8 Narrow SO 


MAX631XC/D 


0*C to +70'C 


Dice 


MAX631XEPA 


-40"C to +85"C 


8 Plastic DIP 


MAX631XESA 


-40*C to +85°C 


8 Narrow SO 


MAX631XEJA 


-40'C to +85'C 


8 CERDIP 


MAX631XMJA 


-55*C to+125"C 


8CERDIP 


MAX632XCPA 


O'C to +70"C 


8 Plastic DIP 


MAX632XCSA 


O'C to +70"C 


8 Narrow SO 


MAX632XC/D 


O'C to +70'C 


Dice 


MAX632XEPA 


-40'C to +85*C 


8 Plastic DIP 


MAX632XESA 


-40'C to +85'C 


8 Narrow SO 


MAX632XEJA 


-40'C to +85 C 


8 CERDIP 


MAX632XMJA 


-55'C to +125'C 


8 CERDIP 



I 



• X = A for 5% Output Accuracy. X = B tor 10% Accuracy. 
Ordering Intormation continued on i, 



Typical Operating Circuit 



330|iH 



2vto5V3; 
I 



LX 



VOUT 



MAX631 



GND 



LBI VFB 



1 7 



+5V 



100nF 



+5V OUTPUT DC-DC CONVERTER 
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CMOS Fixed/Adjustable Output 
Step-Up Switching Regulators 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage, VOUT +18V 

Output Voltage, LX and LBO +18V 

Input Voltage, LBI and VFB -0.3V to (VOUT + 0.3V) 

LX Output Current 450mA Peak 

LBO Output Current 50mA 

Power Dissipation 

Plastic DIP (derate 8.33mW/'C above +50'C) 625mW 

SO (derate 6mW7'C above +50"C) 450mW 

CERDIP (derate 8mW/"C above +50"C) 800mW 



Operating Temperature Range 

MAX63_XC O'Cto+70'C 

MAX63_XE -40'Cto+85'C 

MAX63 XM -55'Cto . 125C 

Storage Temperature -65*C to + 1 60 C 

Lead Temperature (Soldering, 10 sec.) +300°C 



Stresses beyond those listed under 'Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS 

(Ta = +25'C, unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Operating Voltage Range 




Voltage at VOUT 
Over Temperature (C, E) 
Over Temperature (M) 


2.0 
2.4 




16.5 
16.5 


V 


Start-up Voltage 




Vnltanp at VOUT 
T A = +25"C 

Over Temperature (C, E) 
Over Temperature (M) 


1.5 
1.8 

2.0 


1.3 




V 


Supply Current 


is 


LX off, Over Temperature 
VOUT= +5V. MAX631 
VOUT = +12V, MAX632 
VOUT = + 15V, MAX633 




0.135 
0.5 
0.75 


0.4 
2.0 
2.5 


mA 


Reference Voltage (Internal) 




Ta = +25*C 
Over Temperature 


1.24 
1.20 


1.31 


1.38 
1.42 


V 


VOUT Voltage 




No Load, VFB = GND 
Over Temperature 
MAX 631 A "J 

MAX632A > 5% Output Accuracy 
MAX633A J 


4.75 
11.4 
14.25 


5.0 
12.0 
15.0 


5.25 
12.6 
15.75 


V 






MAX631B 1 

M AX632B 1 1 0% Output Accuracy 
MAX633B J 


4.5 
10.8 
13.5 


5.0 
12,0 
15.0 


5.5 
13.2 
16.5 




Efficiency 






80 


% 


Line Regulation (Note 1) 




+0.5VOUT<+Vs<VOUT 


0.08 


%VOUT 


Load Regulation (Note 1 ) 




Vs = +0.5VOUT, 

PouT = 0mW to150mW 


0.2 


%VOUT 


Oscillator Frequency 


fo 


VOUT = +5V 
MAX631A 
MAX631B 

VOUT = +12V 
MAX632A 
MAX632B 

VOUT = +15V 
MAX633A 
MAX633B 


40 

35 

45.5 
40 

45.5 
40 


45 
45 

50 
50 

50 
50 


50 
60 

56 
65 

56 
65 


kHz 


Oscillator Frequency Tempco 






-60 


Hz/'C 


Oscillator Duty Cycle 




MAX631, VOUT = +5V 
MAX632, VOUT= +12V 
MAX633, VOUT = +15V 


40 
40 
40 


50 
50 
50 


60 
60 
60 


% 


LX On Resistance 


Ron 


lx= 100mA. VOUT = +5V 
VOUT= +15V 




6 

3.5 


12 
7 


Q 
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CMOS Fixed/Adjustable Output 
Step-Up Switching Regulators 



ELECTRICAL CHARACTERISTICS (continued) 

(Ta = +25'C, unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN TYP 


MAX 


UNITS 


LX Leakage Current 


IXL 


V4 = + 16.5V 
Ta = +25°C 

Over Temperature (C, E) 
Over Temperature (M) 


0.01 


1.0 
30 
100 


HA 


Diode Forward Voltage 


Vf 


If = 100mA 


1.0 


V 


CP On Resistance 




VOUT = +5V', IOUT = ±10mA 
VOUT = +15V, IOUT = ±30mA 


70 
30 


140 


n 


VFB Input Bias Current 


IFB 




0.01 


10 


nA 


Low Battery Input Threshold 


VLBI 




1.31 


V 


Low Battery Input Bias Current 


Ilbi 




0.01 


10 


nA 


Low Battery Output Current 


Ilbo 


V2 = +0.4V, V1 = +1.1V 
Ta = +25 - C 
Over Temperature 


1.0 

0.5 


mA 


Low Battery Output 
Leakage Current 


Ilbol 


V2 = +16.5V, V1 = +1.4V 


0.01 


3.0 


MA 



1: Guaranteed by correlation with DC pulse measurements. 

Pin Description 



PIN 


NAME 


FUNCTION 


1 


LBI 


Low Battery Detector Input. When the 
voltage at LBI is lower than the Low 
Battery Detector threshold ( 1 .31 V), 
LBO sinks current. 


2 


LBO 


The Low Battery Detector Output is an 
open drain N-channel MOSFET which 
sinks current when LBI is below 1 31V. 


3 


GND 


Ground 


4 


LX 


This pin drives the external inductor 
with an internal N-channel power 
MOSFET. LX has an output resistance 
of typically 6£i and a peak current rat- 
ing of 425mA. 


5 


VOUT 


The regulated DC-DC converter output. 


6 


CP 


The Charge Pump output is a low im- 
pedance buffer which swings from 
GND to VOUT at the oscillator fre- 
quency. 2 external capacitors and di- 
odes can be connected to generate a 
negative output voltage (Figure 3). 


7 


VFB 


When VFB is grounded, the DC-DC con- 
verter output will be the factory preset 
value. When an external voltage divider 
is connected from VOUT to VFB and 
GND, this pin becomes the feedback 
input for adjustable output operation. 


8 


COMP 


The Compensation input is connected 
to the internal voltage divider which 
sets the fixed voltage output. In some 
circuit board layouts, a lead compen- 
sation capacitor (100pF to 10nF) con- 
nected between VOUT and COMP 
reduces low-frequency ripple and im- 
proves transient response. 



Typical Applications 

Basic Step-Up Circuits 

Figure 1 shows the basic boost or step-up circuit for the 
MAX631/632/633. The circuit corresponds to Table 1 
which shows values for typical input voltages and output 
currents. 

Table 1 . Inductor Selection for Common 
Designs 



VlN 


VOUT 


IOUT 


EFF. 


INDUCTOR 




(V) 


(V) 


(mA) 


(%) 


P.N. (Note 2) 


uH 


Q 


2 


5 


5 


78 


CB 6860-21 


470 


0.4 


2 


5 


10 


74 


G 1 B253 


250 


0.44 


2 


5 


15 


61 


G 1B103 


100 


0.25 


3 


5 


25 


82 


CB 6860-21 


470 


0.4 


3 


5 


40 


75 


CB 7070-29 


220 


0.55 


3 


12 


5 


79 


CB 6860-19 


330 


0.35 


3 


12 


10 


79 


CB 7070-28 


180 


0.48 


5 


12 


12 


88 


CB 6860-21 


470 


0.4 


5 


12 


25 


87 


CB 6860-19 


330 


0.35 


3 


15 


5 


73 


CB 7070-29 


220 


0.55 


3 


15 


8 


71 


CB 7070-27 


150 


0.43 


5 


15 


10 


85 


CB 6860-21 


470 


0.4 


5 


15 


15 


85 


CB 6860-19 


330 


0.35 


8 


15 


35 


90 


G 1 B503 


500 


0.56 



2: CB = Cadell-Burns, NY, (516) 746-2310 

G = Gowanda Electronics Corp., NY. (716) 532-2234 
Other Manufacturers listed in Table 2. 
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CMOS Fixed/Adjustable Output 
Step-Up Switching Regulators 

Typical Operating Characteristics 



SUPPLY CURRENT 
vs. OUTPUT VOLTAGE 



Lx OUTPUT CURRENT 
vs. VOUT 



OSCILLATOR FREQUENCY 
vs. OUTPUT VOLTAGE 



T« ■ -25'C 














Li SWITCHING 








Li OFF 



VOUT 


■ 15V 






■ 10V 






y 


r 




-""OUT 


= 5V 










Vou 


! -3V 














Vaui 


zv 










»■ 


25°C 



Tl 

































































/ 

















































5 10 
Voul IV) 



0.5 1.0 IS 2.0 2.5 3.0 
Li VOLTAGE |V| 



2 4 6 8 10 12 14 16 
VOUT |V| 



Detailed Description 

The operation of the MAX631/632/633 can best be under- 
stood by examining the regulating loop of Figure 1. When 
the output voltage d rops below the preset (or externally set) 
value, the Error Comparator switches high and connects 
the internal 45kHz Oscillator to the gate of the LX output 
driver, N1. N1 is an N-channel MOSFET with a typical on 
resistance of 6£i and a current rating of 150mA. The 
following equation provides a good rule of thumb to see if 
the MAX63 1/632/633 can provide the desired output cur- 
rent without exceeding the current rating of N1 : 

8 (VOUT - V, N ) IOUT 



Vin 



■ < 450mA 



+3VVIN 



L1 33LVH 




Figure 1. +3V to +5V Converter and Block Diagram 
5-4 



A low output voltage turns N1 on and off at the internal 
clock frequency. During each on half-cycle, the current 
through the inductor rises linearly, storing energy in the 
coil. During each off half-cycle, the coil's magnetic field 
collapses and voltage across the inductor reverses sign. 
The voltage at LX then rises until the internal diode is 
forward based, delivering power to the output. When the 
output voltage reaches the desired level, the Error Com- 
parator inhibits N1 until the load discharges the output 
filter capacitor (C1) to less than the desired output level. 

Vinj Bootstrapped Operation 

The MAX63 1/632/633 does not have a V| N pin. Input 
power to start the DC-DC converter is supplied via the 
external inductor to the VOUT pin. Once the converter 
has started, it is then powered from its own output. This 
"bootstrap" design ensures that the output MOSFET, N1 , 
will have maximum gate drive and, hence, a minimum 
Ron- It also allows the converter to start at lower input 
voltages. 

Vin, Greater Than VOUT 

If the regulator's input voltage is more than one forward 
diode drop greater than the desired output voltage, N1 
will not turn on. Current will still be supplied to the load 
directly through the inductor and the internal diode, but 
without regulation. As long as the input is more than 0.6V 
above the desired output, the actual output voltage will 
be equal to the input voltage minus 0.6V. 

Fixed or Adjustable Output 

For operation at one of the preset output voltages (+5V 
for the MAX63 1 , + 1 2V for the MAX632, and + 1 5V for the 
MAX633), VFB is connected to GND, and no external 
resistors are required. For an output voltage other than 
the preset value, an external voltage divider (R3 and R4, 
Figure 2) is required. VOUT is set as follows: 



CMOS Fixed/Adjustable Output 
Step-Up Switching Regulators 



Let R4 be any resistance in the 10kfi to 10MQ 
range, typically 100kn, then: 

fVOUT 



R3 = R4 



[1.31V 



Table 1 shows nominal inductor parameters for a variety 
of input and output voltages. Values are given for both 
maximum output and maximum efficiency designs. 
When noise is not critical, a low-cost bobbin inductor will 
suffice. For higher power circuits or when low EMI and 
noise are required, pot cores and toroids should be used. 
(See Tables 1 and 2 for typical part numbers and manu- 
facturers.) 

Table 2. Coil and Core Manufacturers (Note 3) 



MANUFACTURER 


TYPICAL 
PART* 


DESCRIPTION 


BOBBIN INDUCTORS 


Dale 


I HA- 104 


500uH, 0.5Q 


Caddell-Burns 


7070-29 


220uH, 0.55Q 


Gowanda 


1 B253 


250uH, 0.44£2 


TRW 


LL-500 


500(iH, 0.75Q 


POTTED TOROIDAL INDUCTORS 


Dale 


TE-3Q4TA 


1mH,0.82£l 


TRW 


MH-1 


600nH, 1 942 


Gowanda 


050AT1003 


100uH, 0.0512 


FERRITE CORES AND TOROIDS (Note 4) 


Siemens 


B64290-K38-X38 


Tor. Core, 4uH/T 2 


Magnetics 


555.130 


Tor. Coce, 
53nH/T 2 


Stackpole 


57-3215 


Pot Core, 
14mm x 8mm 


Magnetics 


G-4 1408-25 


Pot Core, 
14x8, 250nHAT z 



Note 3: This list does not constitute an endorsement by Maxim 
Integrated Products and is not intended to be a compre- 
hensive list of all manufacturers of these components. 

Note 4: Permag Corp. is a distributor for many of the listed core 
and toroid manufacturers. (516) 822-331 1. 



Output Filter Capacitor 

The MAX631/632/633's output ripple has 2 components 
which are 90° out of phase. One component results 
from the change in the stored charge on the filter capac- 
itor with each LX pulse. The other is the product of the . 
capacitor's charge-discharge current and its Equivalent 
Series Resistance (ESR). With low-cost aluminum elec- 
trolytic capacitors, the ESR produced ripple is often 



VlN , 



L (SEE "INDUCTOR SELECTION 1 ) 
|4 




VlNSVOUT 



Figure 2. Connections for Adjustable Output 

larger than that caused by the change in charge. Con- 
sequently, high-quality aluminum or tantalum filter ca- 
pacitors will minimize output ripple, even if smaller 
capacitance values are used. Best results at a reason- 
able cost are typically achieved with a high-quality 
aluminum electrolytic, in the 100u.F to 500|iF range, in 
parallel with a 0.1 nF ceramic capacitor. 

Catch Diode 

The MAX631 series regulators contain an internal "catch" 
diode and, therefore, require no external diode for most 
applications. However, an external diode can be con- 
nected in parallel with the internal diode at the LX and 
VOUT pins. For example, a Schottky diode with a low 
forward voltage drop will provide some improvement in 
efficiency. 

Bypassing and Compensation 

Since the inductor charging current can be relatively 
large, high currents flow through the ground connection 
to the MAX631/632/633. To prevent unwanted feedback, 
the impedance of the ground path must be as low as 
possible, and power-supply bypassing should be used. 

When the value of the voltage setting resistors (R3 and 
R4, Figure 2) exceed 50WQ, stray capacitance at the VFB 
input can add a "lag" to the feedback response, destabliz- 
ing the regulator, increasing low frequency ripple, and 
lowering efficiency. This problem can often be avoided 
by minimizing lead lengths and circuit board trace size 
at the VFB node. It can also be remedied by adding a 
"lead" compensation capacitor ( 1 0OpF to 1 0nF) in parallel 
with R3. 

The COMP input allows access to the internal voltage 
divider so that compensation can also be added when 
fixed output operation is used. A capacitor connected 
between VOUT and COMP again adds a "lead" to the 
regulator's response. 
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Low Battery Detector 

The Low Battery Detector compares the voltage on the 
Low Battery Input, LBI, with the internal 1.31V bandgap 
reference. The Low Battery Detector Output, LBO, goes 
low whenever the input voltage at LBI is less than 1.31V. 
The Low Battery detection voltage is set by resistors, R1 
and R2 (Figure 1). 

Let R2 be any resistance in the 10k£2 to 10MQ range, 
typically 100k£2, then: 
VLB 

(VLB is the desired Low Battery detection voltage) 



CP 



IN4148 



VOUT 



%F 10 M F 
*— 



IN4148 



VCPHV0UT-2W) - 



CP 



*vf= forward diode voltage 



IN4148 Vcp = 2(V0UT-Vf)* 

— W — 



%F 



10mF 



Figure 3. Using the Charge Pump (CP) output as a voltage 
inverter and/or doubler. Both circuits can be used 
together. 




Figure 4. +5V to + 15V/- 12V Converter 
5-6 



Negative Output Voltage 

The Charge Pump (CP) output is a low impedance buffer 
which swings from ground to VOUT at the oscillator 
frequency. Two external capacitors and diodes can be 
connected, as shown in Figure 3, to generate a negative 
output voltage of -(VOUT - 1.2V) or a positive output of 
2(VOUT - 1.2V). 1.2V is the forward drop of 2 silicon 
diodes. Both circuits can be used at once if desired. 
With IO41F capacitors, the output impedance of Vrjp is 
about 30Q. If space is critical, the capacitors can be 
reduced, but with a slight increase in output impedance 
and Vcp output ripple. 

The circuit shown in Figure 4 provides approximately 
±1 OmA with VOUT = + 1 5V, and ±1 5mA if VOUT = + 1 2V. 
The magnitude of the negative output is about 3V less 
than VOUT due to the forward voltage drop of the 1 N4148 
diodes and the output impedance of CP. Using Schottky 
diodes (IN5817) will increase the absolute value of the 
negative output by about 1 V. The performance of the CP 
output is shown in Figure 5. 

What Value of Inductor? 

A General Discussion 

The converters in this data sheet operate by charging an 
inductor from a DC input and then discharging the induc- 
tor to generate a DC output that is greater than the input. 

The proper inductor for any DC-DC converter depends 
on three things: the desired output power, the input 
voltage (or range of input voltage), and the converter's 
oscillator frequency and duty cycle. The oscillator timing 
is important because it determines how long the coil will 
be charged during each cycle. This, along with the input 





CHARGE PUMP NEGATIVE 
OUTPUTVOLTAGEvs. 
OUTPUT CURRENT 


-16 








-14 


•Vot)T = *15V 
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-6 
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-4 
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Figure 5. Charge Pump Negative Output Voltage vs. Current 
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voltage, determines how much energy will be stored in 
the coil. 

The inductor must meet four electrical criteria: 

[ ] Value- Low enough inductance so it stores ade- 
quate energy at the worst-case, low input voltage. 

High enough so excessive and potentially destructive 
currents are avoided under worst-case conditions for 
high power-switch transistor on time and high input voltage. 

[ ] Saturation- The coil must deliver the correct induc- 
tance value at the worst-case, high peak operating cur- 
rent. 

[ ] EMI- Electromagnetic interference must not upset 
nearby circuitry or the regulator IC. Ferrite bobbin types 
work well for digital circuits; toroid or pot core types work 
well for EMI-sensitive analog circuits. 

[ ] DC resistance- Winding resistance must be ade- 
quately low so efficiency is not affected and self-heating 
does not occur. Values less than 0.5£2 are usually more 
than adequate. 

Other inductor parameters, such as core loss or self-res- 
onant frequency, are not a factor at the relatively low 
MAX63 1/632/633 operating frequency. 

Inductor Value- Low Enough? 

The problem that bites designs most often, especially in 
the production or pre-production phase, happens when 
the inductor value is too high. These units fail to deliver 
enough load current and exhibit poor load regulation. 
The worst-case is: 

[ ] Maximum load current 

[ ] Minimum supply voltage 

[ ] Maximum inductor value, including tolerance 

[ ] Maximum on resistance of the switch because 

it reduces the excitation voltage across the inductor 
[ ] Worst-case low on time 

Inductor Value- High Enough? 

The inductor value must also be high enough so peak 
currents do not stress the transistor or cause the inductor 
core to saturate. All kinds of odd symptoms can be 
traced to excessive inductor currents: low efficiency, 
rattling heat sinks, whining coils, and increased output 
ripple. Very low inductor values may result in damaged 
power transistors. 

The slope of the inductor current, and therefore the peak 
value that it reaches in a given on time, is determined by 
the supply voltage and the inductor value. The worst 
case occurs at: 

[ ] Maximum supply voltage 

[ ] Minimum inductor value, including tolerance 



[ ] Minimum on resistance of the switch 
[ ] Low switching frequency (or maximum switch on- 
time) 

Inductor Selection 

The inductor equations below must be calculated for both 
worst-case sets of conditions. The final value chosen 
should be between the minimum value and maximum 
value calculated. Within these bounds, the value can be 
adjusted slightly lower for extra load capability or higher 
for lowest ripple. 



[1] 



[2] 



_ VOUT +VDIQDE -Vin 
P k (0.25) (V| N -V SW ) 

. V| N -Vsw ,, , 
L = 1 — - (tON) 



(IOUT) 



Pk 



Where Vsw is the voltage drop across the switch in the 
on state. Conservatively, the worst case is about 0.75V 
max, 0.25V min with Vin = + 1 5V and 1 .5V max, 0.5V min 
with Vin = +5V. 

Example: A +5V 10% input must be converted to +15V 
at 15mA. A Schottky diode (1N5817) and a 
MAX633B are used. 

Calculate maximum inductor value allowed: 

15V + 0.4V -4.5V 



(15mA) = 174mA 



pk (0.25) (4.5V -0.75V) 

Calculate the minimum inductor value allowed: 
IpK = 450mA (from table of max ratings) 
5.5V - 0.25V 



450mA 



(12ns) = 140nH 



If this minimum value is greater than the maximum value 
calculated above, an external power MOSFET must be 
used. See the MAX64 1/642/643 data sheet. 

A value of 160jiH would be a good choice for this 
application. The "A" grade devices, with tighter oscillator 
tolerance, allow more output current in a given applica- 
tion. 

Inductor Saturation 

When using off-the-shelf inductors, make sure the peak 
current rating is observed. When designing your own 
inductors, observe the core manufacturer's Ampere- 
turns or Nl ratings. Failure to observe the peak current 
or Nl ratings may lead to saturation of the inductor. 
Inductor saturation leads to very high current levels caus- 
ing excessive power dissipation, poor efficiency, and 
possible damage to the chip and the catch diode. 
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Test for saturation by applying the maximum load and the 
maximum input voltage while monitoring the inductor 
current with a current probe. The normal inductor current 
waveform is a sawtooth with a linear current ramp. Sat- 
uration creates a nonlinear current waveform with a very 
rapid increase in current once the inductor saturates. It 
is this rapid current increase and the resultant high peak 
currents that can damage the inductor and the catch 
diode. 

Chip Topography 



GND GND LBO 




PART* 


TEMP. RANGE 


PIN-PACKAGE 


MAX633XCPA 


O'C to +70°C 


8 Plastic DIP 


MAX633XCSA 


0"Cto+70'C 


8 Narrow SO 


MAX633XC/D 


O'C to +70*C 


Dice 


MAX633XEPA 


-40"C to +85'C 


8 Plastic DIP 


MAX633XESA 


-4CTC to +85"C 


8 Narrow SO 


MAX633XEJA 


-40'C to +85'C 


8CERDIP 


MAX633XMJA 


-55°C to+125'C 


8 CERDIP 



• X= A for 5% Output Accuracy. X = B for 10% Accuracy. 



Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied. 
Maxim reserves the right to change the circuitry and specifications without notice at any time. 
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General Description 

The MAX635/MAX636/MAX637 inverting switching regu- 
lators are designed for minimum component DC-DC 
conversion in the 5mW to 500mW range. 

Low power applications require only a diode, output filter 
capacitor, and a low-cost inductor. An additional 
MOSFET and driver are needed for higher power appli- 
cations. Low battery detection circuitry is included on 
chip. 

The MAX635/636/637 are preset for -5V, -12V, and -15V 
outputs, respectively. However, the regulators can be 
set to other levels by adding 2 resistors. 

Maxim manufactures a broad line of step-up, step-down, 
and inverting DC-DC converters, with features such as 
logic-level shutdown, adjustable oscillator frequency, 
and external MOSFET drive. 



Applications 

Minimum Component, High-Efficiency 
DC-DC Converters 

Portable Instruments 

Battery Power Conversion 

Board Level DC-DC Conversion 



Pin Configuration 



Top View 






-vout[T 

LBO U 
LBI L¥ 
GND [7 


MAX635 
MAX636 
MAX637 


T] VFB 
~T\ VREF 
U +Vs 
J] LX 




DIP/SO 
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Features 

♦ Preset -5V, -12V, -15V Output Voltages 

♦ Adjustable Output with 2 Resistors 

♦ 85% Typ Efficiency 

♦ Only 3 External Components 

♦ 80|iA Typ Operating Current 

♦ Low Battery Detector 



Ordering Information 



PART* 


TEMP. RANGE 


PIN-PACKAGE 


MAX635XCPA 


O'C to +70°C 


8 Plastic DIP 


MAX635XCSA 


0*C to +70'C 


8 Narrow SO 


MAX635XC/D 


O'C to+70'C 


Dice 


MAX635XEPA 


-40'C to +85'C 


8 Plastic DIP 


MAX635XESA 


-40°C to +85'C 


8 Narrow SO 


MAX635XEJA 


-40"C to +85'C 


8CERDIP 


MAX635XMJA 


-55 C to +125 C 


8CERDIP 


MAX636XCPA 


O'C to +70'C 


8 Plastic DIP 


MAX636XCSA 


O'C to +70'C 


8 Narrow SO 


MAX636XC/D 


O'C to +70'C 


Dice 


MAX636XEPA 


-40'C to +85'C 


8 Plastic DIP 


MAX636XESA 


-40*C to +85'C 


8 Narrow SO 


MAX636XEJA 


-40'C to +85'C 


8CERDIP 


MAX636XMJA 


-55°Cto+125'C 


8CERDIP 



'X = A for 5% Output Accuracy, X = B for 10% Output Accuracy. 
Ordering Information continued on last page 



Typical Operating Circuit 



10uF 



8 


+Vs 

VFB 


-VOUT 


1 














7 


MAX637 

VREF 

LBI GND 


LX 


3 

5 


r _ 


- 100 M F 






\ 330nH 






14 





















+5V tO -15V CONVERTER 
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ABSOLUTE MAXIMUM RATINGS 



Operating Temperature Range 

MAX63 C C to 1 70'C 

MAX63_ _E -40° C to +85*C 

MAX63__M -55'Cto+125"C 

Storage Temperature -65*C to + 1 60"C 

Lead Temperature (Soldering, 10 sec.) +300'C 



Supply Voltage, +Vs (Note 1 ) +18V 

Input Voltage, LBO, LBI, VFB -0.3V to (+Vs + 0.3V) 

LX Output Current 525mA Peak 

LBO Output Current 50mA 

Power Dissipation 

Plastic DIP (derate 8.33mW/'C above +50°C) 625mW 

Small Outline (derate 6mW/'C above +50"C) 450mW 

CERDIP (derate 8mW/"C above +50'C) 800mW 

Stresses beyond those listed under 'Absolute Maximum Ratings' may cause permanent damage to the device These are stress ratings only and functional 
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions lor extended periods may affect device reliability 

ELECTRICAL CHARACTERISTICS 

(Ta = +25'C, unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Supply Voltage (Note 1 ) 


+Vs 


Ta = +25'C 
Over Temperature 


2.3 
26 




16.5 
16.5 


V 


Supply Current 


is 


No Load, LX Off, 
Over Temperature 
+Vs = +5V 
+Vs = +15V 




80 
260 


150 
500 


uA 


Reference Voltage 


VREF 


Ta = +25'C 
Over Temperature 


1.24 
1.20 


1.31 


1.38 
1.42 


V 






No Load, VFB = VREF 
Over Temperature 










VOUT Voltage (Note 2) 




MAX635A 1 

MAX636A } 5% Output Accuracy 
MAX637A J 


-4.75 
-11.4 
-14.25 


-5.0 
-12.0 
-15.0 


-5.25 
-12.6 
-15.75 


V 






MAX635B I 

MAX636B } 10% Output Accuracy 
MAX637B J 


-4.5 
-10.8 
-13.5 


-5.0 
-12.0 
-15.0 


-5.5 
-13.2 
-16.5 




Efficiency 






85 


% 


Line Regulation (Note 2) 




+5V<+Vs<+15V 


0.5 


%VOUT 


Load Regulation (Note 2) 




POuT = 0mW to 150mW 


0.2 


%VOUT 


Oscillator Frequency 


fo 


+VS = +5V MAX63 A 
MAX63.B 


45 
40 


50 
50 


56 
65 


kHz 


Oscillator Duty Cycle 




+Vs = +5V 


40 


50 


60 


% 


LX On Resistance 


Ron 


IX = 100mA. +Vs = +5V 
= +15V 




9 
4 


16 

8 


Q 


LX Leakage Current 


IXL 


+Vs = + 16.5V 
Ta = +25"C 
Over Temperature 




0.01 


1.0 
30 


HA 


VFB Input Bias Current 


IFB 






0.01 


10 


nA 


Low Battery Threshold 


Vlbi 




1.31 


V 


Low Battery Input Bias Current 


Ilbi 






0.01 


10 


nA 


Low Battery Output Current 


I LBO 


V2 = +0.4V, V3 = +1.1V 
Ta = 25°C 
Over Temperature 


0.5 


1.0 




mA 


Low Battery Output 
Leakage Current 


Ilbol 


V2 = +16.5V, V3 = +1.4V 






0.01 


3.0 


MA 



1 : In addition to the Absolute 
2: Guaranteed by correlation 



Maximum Rating of +18V. the input voltage also must not exceed 24V - 1 -VOUT I . 
with DC pulse measurements. 
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PIN 


NAME 


FUNCTION 


1 


-VOUT 


The sense INPUT for fixed output op- 
eration, -VOUT, is internally con- 
nected to the on-chip voltage divider. 
Although it is connected to the output 
of the DC-DC converter (Figure 2), 
VOUT does not supply current, LX 
does. 


2 


LBO 


Low Battery Detector Output. An 
open drain N-channel MOSFET which 
sinks current when the voltage at LBI 
is below 1.31V. 


3 


LBI 


Low Battery Detector Input. When the 
voltage at LBI is lower than the low 
Battery Detector threshold (+1.31 V), 
LBO sinks current. 


4 


GND 


Ground 



Pin Description 



PIN 


NAME 


FUNCTION 


5 


LX 


This pin drives the external inductor 
with an internal P-channel power 
MOSFET. LX has an output resis- 
tance of typically 6n and a peak cur- 
rent rating of 525mA. 


6 


+V S 


The positive Supply Voltage, from +2V 
to+16.5V. The total difference be- 
tween the negative output voltage and 
the positive input must be less than 
24V. 


7 


VREF 


The Voltage Reference output is 
+ 1 .3 1 V, generated by an on-chip 
bandgap reference. 


8 


VFB 


When VFB is tied to VREF, the DC-DC 
converter output will be the factory 
preset value. When an external volt- 
age divider is connected to VFB and 
Vref. this pin becomes the feedback 
input for adjustable output operation. 



. Typical Operating Characteristics 



Lx ON RESISTANCE 
vs. TEMPERATURE 



SUPPLY CURRENT 
vs. TEMPERATURE 



SUPPLY CURRENT vs. 
SUPPLY VOLTAGE 
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Preset/Adjustable Output CMOS 
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Detailed Description 

Principle of Operation 

Figure 1 shows a simplified inverting converter. When 
the switch is closed, a charging current flows through the 
inductor, creating a magnetic field. When the switch 
opens, the current continues to flow through the inductor 
in the same direction as the charging current. Since the 
switch is now open, the current must flow through the 
diode, thereby charging the capacitor with a negative 
voltage. As the energy stored in the inductor is trans- 
ferred to the output filter capacitor, the current linearly 
decays to zero, and the magnetic field collapses. 

The MAX635/636/637 controls the magnitude of the neg- 
ative output voltage by turning the switch on and off only 
when the output voltage has become more positive than 
the desired value. 

Basic Circuit Operation 

Figure 2 shows the standard circuit for converting a 
positive voltage into a negative one. When the output 
becomes more positive than the preset level, the Error 
Comparator switches low, and the MOSFET at LX is 
toggled on and off at the clock frequency. During the 
low-going period of the oscillator, P1 is on, and current is 
delivered to the external inductor through the LX pin. 




Figure 1. Simplified Inverting Converter 

When the oscillator output goes high, the MOSFET turns 
off, but current continues to flow through the inductor. 
Diode D1 thus conducts, and the output filter capacitor, 
C1, is charged negatively. 

Basic Step-Down Circuit 

Table 1 lists some coil manufacturers and typical part 
numbers. Table 2 shows nominal inductor parameters 
for a variety of input and output voltages. The data refers 
to the circuit of Figure 2. When noise is not critical, a 




-VOUT 



VFB 



VREF 



GND 
♦Vs 



it: 100nF 
J CI 



0.1nF 
+VlN 

1 



-VOUT 



D1 
1N5817 



r 



Figure 2. MAX635/636/637 Block Diagram and Typical Circuit (Table 2) 
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low-cost bobbin inductor will suffice. For higher power 
circuits, or when low noise and EMI are required, pot 
cores or toroids should be used. If more output power is 
desired, see the Medium Power Inverters section. 

Table 1 . Coil and Core Manufacturers (Note 3) 



MANUFACTURER 


TYPICAL 
PART# 


DESCRIPTION 


ASIA 


TDK Corporation 

13-1, Nihonbashi 1-chome 

Chuo-ku 

Tokyo 103 Japan 


EUROPE 


Richard Jahre GmbH 
Luetzowstrasse 90 
1000 Berlin 30 Germany 


BOBBIN INDUCTORS 


Dale 


IHA-104 


500U.H, 0.5£J 


Caddell-Burns 


7070-29 


220uH, 0.55Q 


Gowanda 


1B253 


250^. 0.44fi 


TRW 


LL-500 


500uH, 0.75Q 


POTTED TOROIDAL INDUCTORS 


Dale 


TE-3Q4TA 


1mH,0.82Q 


TRW 


MH-1 


600nH, 1 9fi 


Gowanda 


050AT1003 


100jiH,0.05£2 


FERRITE CORES AND TOROIDS (Note 4) 


Allen Bradley 


T0451S100A 


Tor. Core, 
500nHAT2 


Siemens 


B64290-K38-X38 


Tor. Core, 4nH/T 2 


Magnetics 


555.130 


Tor. Core, 
53nH/T2 


Stackpole 


57-3215 


Pot Core, 
14mm x 8mm 


Magnetics 


G-4 1408-25 


Pot Core, 

14 x 8, 250nHfi" 2 



Note 3: This list does not constitute an endorsement by Maxim 
Integrated Products and is not intended to be a compre- 
hensive list of all manufacturers of these components. 

Note 4: Permag Corp. is a distributor for many of the listed core 
and toroid manufacturers (516) 822-331 1 



Table 2. Inductor Selection for 

Common Designs (Figure 2) 



VlN 
(V) 


VOUT 

(V) 


IOUT 
(mA) 


Part No. 


INDUCTOR 

uH Q 


+3 


-5 


5 


7070-27 


150uH 


0.43 


+5 


-5 


25 


7070-27 


150nH 


0.43 


+9 


-5 


40 


7070-31 


330uH 


0.72 


+ 12 


-5 


45 


7070-33 


470uH 


0.88 


+ 15 


-5 


50 


7070-35 


680|iH 


1.5 


+5 


-12 


12 


7070-26 


120U.H 


0.32 


+9 


-12 


30 


7070-31 


330|jH 


0.72 


+ 12 


-12 


40 


7070-33 


470uH 


0.88 


+3 


-15 


2 


7070-27 


150U.H 


043 


+5 


-15 


8 


7070-27 


150uH 


0.43 


+9 


-15 


25 


7070-31 


330uH 


0.72 



5: Caddell-Burns N.Y. (516) 746-2310. 

Low Battery Detector 

The Low Battery Output, LBO, sinks current whenever the 
input voltage at Low Battery Input, LBI, is less than 
+ 1 .31 V. LBI is a high impedance CMOS input, with less 
than 10nA leakage current. LBO is an open drain N- 
channel MOSFET with about 500£2 of output resistance. 
The trip voltage of the Low Battery Detector can be 
adjusted using an external voltage divider as shown in 
Figure 2. If hysteresis is desired, add a resistor between 
LBO and LBI. 

Let R2 be any resistance in the 10W1 to 10MQ 
range, typically 100k£2, then: 

VLB 



R1 = R2(- 



1.31V 

(Vlb is the desired Low Battery detection voltage.) 



+5V!N 



10(iF 



-VOUT +Vs 


VFB 


MAX635 


t 

VREF 


m MAX636 


MAX637 




GND 


LX 



1 



R3 
300M1 



R4> 39kfi 



1 M F 



I 



IE 



-10VOUT 



100 M F 



220HH 



✓H^IXlyH 



Figure 3. Adjustable Output Operation 
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Fixed or Adjustable Output 

For operation at one of the preset output voltages (-5V 
for the MAX635, -12V for the MAX636, and -15V for the 
MAX637), Vfb is connected to VREF, and no external 
resistors are required. 

Other output voltages are selected by connecting an 
external voltage divider to VFB as shown in Figure 3. The 
output is set by R3 and R4 as follows: 

Let R4 be any resistance in the 10k£2 to 10MQ 
range, typically 100kQ, then: 



VOUT = -1.31V x 



R3 
R4 



External Components 

What Value ot Inductor? 

A General Discussion 

The converters in this data sheet operate by charging an 
inductor from a DC input and then discharging the induc- 
tor to generate a DC output that is opposite in polarity to 
the input. 

Inductor selection for any DC-DC converter depends on 
three things: the desired output power, the input voltage 
(or input voltage range), and the converter's oscillator 
frequency and duty cycle. The oscillator timing is impor- 
tant because it determines how long the coil will be charged 
during each cycle. This, along with the input voltage, 
determines how much energy will be stored in the coil. 

The maximum amount of energy (El) in the coil each 
cycle is a function of the peak current (Ipk) and the 
inductance of the coil (L): 

The inductor must meet four electrical criteria: 

[ ] Value - low enough inductance so it stores ade- 
quate energy at the worst-case, low input voltage. 

High enough so excessive and potentially destructive 
currents are avoided under worst-case high conditions 
for power-switch transistor on time and high input volt- 
age. 

[ ] Saturation - The coil must deliver the correct induc- 
tance value at the worst-case, high peak operating cur- 
rent. 

[ ] EMI - Electromagnetic interference must not upset 
nearby circuitry or the regulator IC. Ferrite bobbin types 
work well for digital circuits; toroid or pot core types work 
well for EMI-sensitive analog circuits. 

[ ] DC resistance - Winding resistance must be ade- 
quately low so efficiency is not affected and self-heating 



does not occur. Values less than 0.5Q are usually more 
than adequate. 

Other inductor parameters, such as core loss or self-res- 
onant frequency, are not a factor at the relatively low 
MAX635/636/637 operating frequency. 

Inductor Value - Low Enough? 

The problem that bites designs most often, especially in 
the production or pre-production phase, happens when 
the inductor value is too high. These units fail to deliver 
enough load current and exhibit poor load regulation. 
The worst case is: 

[ ] Maximum load current 

[ ] Minimum supply voltage 

[ ] Maximum inductor value, including tolerance 

[ ] Maximum on resistance of the switch because it 

reduces the excitation voltage across the inductor 
[ ] Worst-case low on time 

Inductor Value - High Enough? 

The inductor value must also be high enough so peak 
currents do not stress the transistor or cause the inductor 
core to saturate. Odd symptoms can be traced to exces- 
sive inductor currents: low efficiency, rattling heat sinks, 
whining coils, and increased output ripple. Very low 
inductor values can result in damaged power transistors. 

The slope of the inductor current, and therefore the peak 
value that it reaches in a given on time, is determined by 
the supply voltage and the inductor value. The worst 
case occurs at: 

[ ] Maximum supply voltage 
[ ] Minimum inductor value, including tolerance 
[ ] Minimum on resistance of the switch 
[ ] Low switching frequency (or maximum switch on 
time) 

Inductor Selection 

The inductor equations below must be calculated for both 
worst-case sets of conditions. The final value chosen 
should be between the minimum value and maximum 
value calculated. Within these bounds, the value can be 
adjusted slightly lower for extra load capability or higher 
for lowest ripple. 

VOUT + Vdiode 

Ipk ^ 



[1] 



[2] 



(0.25) (Vin - Vsw) 

L = M_ysw ((oN) 



(IOUT) 



where VSW is the voltage drop across the switch in the 
on state. Conservatively, the worst case is about 0.75V 
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max, 0.25V min with VIN = +15V and 1.5V max, 0.5V min 
with VIN = +5V. 

Example: A +5V 10% input must be converted to -12V 
at 1 2mA. 

A Schottky diode (1N5817) and a MAX636A 
are used. 

Calculate the maximum inductor value allowed: 
12V -0.4V 



Ipk 



(0.25) (4.5V- 1.5V) 
4.5V- 1.5V 



(12mA) = 198mA 



(9(is) = 136|iH 



198mA 

Calculate the minimum inductor value allowed: 

Ipk = 525mA (from table of max ratings; use the power 
MOSFET max ratings for external transistor 
circuits.) 

A value of 120|iH would be a good choice for this 
application. 

Ipk must also be compared to the current rating of the LX 
switch. If Ipk exceeds the peak current rating of the 
switch (525mA), an external MOSFET or transistor with 
an adequate current rating must be used (see Medium 
Power Inverters). 

The coil resistance has a significant effect on the output 
current; a coil with a low resistance will increase the 
output current and overall efficiency. The inductor 



5V 



100|j f 



1 



N.C.c 



1(0= 



VREF 

VFB LX 

IC1 
MAX635 
OR MAX636 

LB0 

LBI GND -V0UT 



^4 | 1 




o -V0UT 



Figure 4. Medium Power Inverter 
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should have a powdered iron or ferrite core and should 
have a resistance less than 0.5Q. 

Medium Power Inverters 

In the circuit of Figure 4, the MAX626 MOSFET driver is 
used to convert the open drain LX output to a signal 
suitable for driving the gate of an external P-Channel 
MOSFET. The IRF9541 has a gate threshold voltage of 
2V to 4V so it will have a relatively high resistance if driven 
with only 5V of gate drive. To increase the gate drive 
voltage, and thereby increase efficiency, the negative 
supply pin of the CMOS inverter is connected to the 
negative output rather than to the ground . Once the circuit 
is started, the gate drive swings from +5V to -VOUT. 

At start-up, the voltage at -VOUT is one Schottky diode 
drop above ground, and the gate drive to the power 
MOSFET is slightly less than 5V. The output should be 
only lightly loaded to ensure start-up, since the output 
power capability of the circuit is very low until -VOUT is a 
couple of volts negative. (See Table 3 for component 
values for L2 and IC1.) 

Table 3. Component Selector for Medium 
Power Inverters (Figure 4) 



VlN 


-VOUT 


IOUT 


EFFICIENCY 


IC1 


L1 


5V 


-5V 


400mA 


70% 


MAX635 


27\iH 


5V 


-5V 


500mA 


64% 


MAX635 


18nH 


5V 


-12V 


150mA 


75% 


MAX636 


27|iH 


5V 


-12V 


200mA 


70% 


MAX636 


18|iH 



Notes: 18|xH Coil = Caddell-Burn's (Mineola, NY) Model 
6860-04. 

27|iH Coil = Caddell-Burn's Model 6860-06. 

External Diode 

In most DC-DC converter circuits, the current in the 
"catch" diode (Figure 2, D1) abruptly goes from zero to 
its peak value each time the MOSFET at LX switches off. 
To avoid excessive losses, the diode must have a fast 
turn-on time. For low power circuits with peak currents 
less than 1 00mA, signal diodes such as 1 N41 48s perform 
well. For higher current circuits, or for maximum effi- 
ciency at low power, the 1N5817 series of Schottky 
diodes are recommended. Although 1 N4001 s and other 
general purpose rectifiers are rated for high currents, 
they are unacceptable because their slow turn-on time 
results in excessive losses. 

Output Filter Capacitor 

The MAX635/636/637's output ripple has 2 components 
which are 90" out of phase. One component results from 
the change in the stored charge on the filter capacitor 
with each LX pulse. The other is the product of the 
capacitor's charge-discharge current and its Equivalent 
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Series Resistance (ESR). With low-cost aluminum elec- 
trolytic capacitors, the ESR produced ripple is often 
larger than that caused by the change in charge. Con- 
sequently, high quality aluminum or tantalum filter capac- 
itors will minimize output ripple, even if smaller 
capacitance values are used. Best results at reasonable 
cost are typically achieved with a high quality aluminum 
electrolytic, in the 100|iF to 500|jF range, in parallel with 
a 0.1nF ceramic capacitor. 

Application Hints 

Inductor Saturation 

When using off-the-shelf inductors, make sure that their 
peak current rating is observed. When designing your 
own inductors, observe the core manufacturer's Ampere- 
turns on Nl ratings. Failure to observe the peak current 
or Nl ratings may lead to saturation of the inductor, 
especially in circuits with external boosting transistors. 
Inductor saturation leads to very high current levels 
through the power switching device causing excessive 
power dissipation, poor efficiency, and possible dam- 
age. 

Test for saturation by applying the maximum load and the 
maximum input voltage while monitoring the inductor cur- 
rent with a current probe. The normal inductor current 
waveform is a sawtooth with a linear current ramp. Satu- 
ration creates a nonlinear current waveform with a very 
rapid increase in current once the inductor saturates. 



Ordering 


Information 


(continued) 


PART* 


TEMP. RANGE 


PIN - PACKAGE 


MAX637XCPA 


0"C to +7CTC 


8 Plastic DIP 


MAX637XCSA 


0°C to +70°C 


8 Narrow SO 


MAX637XCJA 


O'C to +70'C 


8CERDIP 


MAX637XC/D 


0*C to +70'C 


Dice 


MAX637XEPA 


-40"C to +85°C 


8 Plastic DIP 


MAX637XESA 


-40'C to +85'C 


8 Narrow SO 


MAX637XEJA 


-40°C to +85"C 


8CERDIP 


MAX637XMJA 


-55"C to +125°C 


8CERDIP 



'X = Afor5% Output Accuracy. X = B for 10% Output Accuracy. 



Bypassing and Compensation 

The high current pulses in the LX output and the external 
inductor can cause erratic operation unless the 
MAX635/636/637 is properly bypassed. Connect a 
10mF bypass capacitor directly across the device be- 
tween +VS and GND to minimize the inductance and high 
frequency impedance of the power source. Also make 
sure that the high current ground return path of the 
inductor does not cause a voltage drop in the regulator's 
ground line. 

The reference voltage output, VREF, should be bypassed 
to ground with a 0.1nF capacitor. Avoid coupling to the 
high current path that includes the LX output and the 
inductor ground return. 

When the value of the voltage setting resistors (R3 and 
R4, Figure 3) exceed 50kC2, stray capacitance at the VFB 
input can add a "lag" to the feedback response causing 
output pulses to occur in bursts. This increases low- 
frequency ripple and lowers efficiency. This problem can 
often be avoided by minimizing lead lengths and circuit 
board trace size at the VFB node. Normal operation with 
evenly distributed output pulses can be restored by 
adding a "lead" compensation capacitor ( 1 0OpF to 1 0nF) 
in parallel with R3. 



Chip Topography 



GND LBI LBO -V UT 




»V S V B£F V FB 

0.092" 

(2.34mm) 



Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied. 
Maxim reserves the right to change the circuitry and specifications without notice at any time. 
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General Description 

The MAX638 step-down switching regulator is designed 
for minimum component, low power, DC-DC conversion. 

Typical applications require only a small, low-cost induc- 
tor, an output filter capacitor, and a catch diode. Low 
battery detection circuitry is included on chip. 

Though most simply used as a fixed +5V output regulator, 
the MAX638 can be set for other voltages by adding 2 
resistors. 

Maxim manufactures a broad line of step-up, step-down, 
and inverting DC-DC converters, with features such as 
logic-level shutdown, adjustable oscillator frequency, 
and external MOSFET drive. 



Applications 



Features 



Efficient DC-DC Step-Down Regulation 
Linear Voltage Regulator Replacement 
+ 1 2V to +5V Conversion 
Battery Life Extension 
Portable Instruments 



♦ Fixed +5V Output 

♦ Adjustable Output with 2 Resistors 

♦ Low Operating Current 

♦ 85% Typ Efficiency 

♦ 8-Pin Plastic DIP and Narrow SO Packages 

♦ 3 External Components 

♦ Low Battery Detector 



Ordering Information 



PART* 


TEMP. RANGE 


PIN-PACKAGE 


MAX638XCPA 


crc to +7o°c 


8 Plastic DIP 


MAX638XCSA 


0*C to +70"C 


8 Narrow SO 


MAX638XC/D 


O'C to +70"C 


Dice 


MAX638XEPA 


-40°C to +85°C 


8 Plastic DIP 


MAX638XESA 


-40'C to +85"C 


8 Narrow SO 


MAX638XEJA 


-4CTC to +85"C 


8CERDIP 


MAX638XMJA 


-55'C to+125'C 


8 CERDIP 



"X = A for 5% Output Accuracy, X = 6 for 10% Output Accuracy. 



Pin Configuration 



Top View 



vout [7 

LBO |T 
LBI [| 
GND [~4 



MAX638 



DIP/SO 



T| COMP 
T\ VFB 

I] LX 



Typical Operating Circuit 



+6V TO 16.5V 



+Vs 



MAX638 

VOUT 
LBI GND VFB 



3 4 7 



+5V OUTPUT STEP-DOWN REGULATOR 



maxim is a registered trademark of Maxim Integrated Products. 
Dual Mode is a trademark of Maxim Integrated Products. 
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Operating Temperature 

MAX638C Crcto+70/C 

MAX638E -40'C to +85*C 

MAX638M -55'Cto+125"C 

Storage Temperature -65°C to + 1 60"C 

Lead Temperature (Soldering, 10 sec.) +300"C 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage, +Vs +18V 

Output Voltage, LX and LBO * 18V 

Input Voltage, LBO, LBI, VFB, COMP -0.3V to (+Vs + 0.3V) 

LX Output Current 525mA Peak 

LBO Output Current 50mA 

Power Dissipation 

Plastic DIP (derate 8.33mWfC above +50°C) 625mW 

Small Outline (derate 6mWfC above +50"C) 450mW 

CERDIP (derate 8m\WC above +50*C) 800mW 

Stresses beyond those listed under 'Absolute Maximum Ratings' may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS 

(+Vs = +12V, Ta = +25°C, unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Supply Voltage 


+Vs 


Over Temperature 
VOUT = +5V 
Adjustable mode 


5 

2.6 




16.5 
16.5 


V 


Supply Current 


is 


I A +tio O 

Over Temperature 




135 
180 


600 


tiA 


Reference Voltage (Internal) 




Ta = +25°C 
Over Temperature 


1.28 
1.24 


1.31 


1.34 
1.38 


V 


VOUT Voltage (Note 1) 




No Load, VFB = GND, 638A 
Over Temperature 638B 


4.75 
4.5 


5 
5.0 


5.25 
5.5 


V 


Efficiency 






85 


% 


Line Regulation (Note 1) 




+ 10V < +Vs< +15V 


0.2 


% VOUT 


Load Regulation (Note 1) 




POUT = OmW to 150mW 


0.2 


% VOUT 


Oscillator Frequency 


fo 


+Vs = 12V, Grade A 
Grade B 


59.1 
50 


65 
65 


72.3 
90 


kHz 


Oscillator Frequency Tempco 






-60 


Hz/ - C 


Oscillator Duty Cycle 




+Vs = 12V 


40 


50 


60 


% 


LX On Resistance 


Ron 


IX = 100mA 




6 


12 


n 


LX Leakage Current 


IXL 


V5 = OV 
Ta = +25'C 
Over Temperature 




0.01 


1.0 
30 


HA 


VFB Input Bias Current 


IFB 






0.01 


10 


nA 


Low Battery Input Threshold 


VLBI 




1.31 


V 


Low Battery Input 
Bias Current 


Ilbi 






0.01 


10 


nA 


Low Battery Output Current 


I LBO 


V2 - +0.4V, V3 = +1.1V 
Ta = +25'C 
Over Temperature 


0.5 


1.0 




mA 


Low Battery Output 
Leakage Current 


ILBOL 


V2 = +16.5V, V3 = +1.4V 




0.01 


3.0 


HA 



Note 1 : Guaranteed by correlation with DC pulse measurements. 



CMOS Step-Down 
Switching Regulator 

Pin Description 



PIN 


NAME 


FUNCTION 


1 


VOUT 


The sense INPUT for fixed +5V output opera- 
tion, VOUT, is internally connected to the 
on-chip voltage divider. Although it is con- 
nected to the output of the DC-DC converter 
(Figure 2), the VOUT pin does not supply 
current, LX does. 


2 


LBO 


Low Battery Detector Output. An open drain 
N-channel MOSFET which sinks current 
when the voltage at LBI is below + 1.31V. 


3 


LB I 


Low Battery Detector Input. When the 
voltage at LBI is lower than the Low Battery 
Detector threshold (+ 1 .31 V), LBO sinks 
current. 


4 


GND 


Ground 



PIN 


NAME 


FUNCTION 


5 


LX 


This pin drives the external inductor with an 
internal P-channel power MOSFET. LX has 
an output resistance of typically 6£i and a 
peak current rating of 525mA. 


6 




The input voltage, from VOUT to + 16.5V. 


7 


VFB 


When VFB is grounded, the DC-DC con- 
verter output will be +5V. When an external 
voltage divider is connected from VOUT to 
VFB, this pin becomes the feedback input 
for adjustable output operation . 


8 


COMP 


The Compensation input is connected to the 
internal voltage divider which sets the fixed 
voltage output. It is normally left unconnec- 
ted. In some circuit board layouts, a lead 
compensation capacitor ( 1 0OpF to 1 0nF) 
connected between VOUT and COMP re- 
duces low-frequency ripple and improves 
transient response. 



Typical Operating Characteristics 



L X ON RESISTANCE 
vs. TEMPERATURE 



SUPPLY CURRENT 
vs. TEMPERATURE 



SUPPLY CURRENT vs 
SUPPLY VOLTAGE 
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Detailed Description 

Basic Operation 

Figure 1 shows a simplified step-down DC-DC converter. 
When the switch closes, a charging current flows through 
the inductor creating a magnetic field. (This current flows 
into the filter capacitor and load as well .) When the switch 
opens, the current continues to flow through the inductor 
in the same direction as the charging current. But since 
the switch is now open, the current must flow through the 
diode. With the switch open, the inductor alone supplies 
current to the load. This current linearly decays to zero 
as the magnetic field collapses and the energy in the core 
of the inductor is transferred to the filter capacitor and 
load. 

Figure 2 shows a block diagram of the MAX638 and a 
typical connection in which a +9V input is converted to a 
+5V output with 85% efficiency. When the output drops 
below +5V, the Error Comparator switches high and 
connects the internal 65kHz oscillator to the gate of the 
LX output driver. LX turns on and off at the clock fre- 
quency, charging and discharging the inductor and sup- 
plying current to the output as described above. When 
the output voltage reaches +5V, the comparator output 
goes low and the inductor is no longer pulsed. 



Basic Step-Down Circuits 

Table 1 shows nominal inductor parameters for a variety 
of input voltages. The data refers to the circuit of Fig- 
ure 3. 

Output Driver (LX Pin) 

A large P-channel MOSFET with an on resistance of 
approximately 6n is used to charge the inductor. It is 
internally connected between +Vs and LX and has a 
peak current rating of 525mA. The available output 
current for most applications will be less than the peak 
current rating. A good rule of thumb for MAX638 maxi- 
mum output current is: 

4 IOUT < 525mA, assuming V| N ~ 2 VOUT 



1 



— VlN 



L 



VOUT 



Figure 1. Simplified Step-Down Converter 



+V, N 
+9V 



R2 • 
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LOW 
BATTERY 
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+ 1.31V 
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REFERENCE 



65kHz 
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ERROR 
COMPARATOR 




{> 



VOUT 



LOW BATTERY 
COMPARATOR 



LH 



LBG 



MODE 
SELECT 
COMPARATOR 




COMP 



50mV 



GND 



01 3 
1N4148 



220 M H 



0.1 nF 



. +5V0UT 



; ioohF 



Figure 2- MAX638 Block Diagram and Typical Circuit 
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Table 1. Inductor Selection For Common Designs (See Figure 3) 



MAXIM 
PART NO. 


V,N 

(V) 


VOUT 

(V) 


IOUT 
(mA) 


TYP EFF 

(%) 


(mA) 


PART NO.* 


INDUCTOR (L) 

HH fi 


MAX638 


7-95 


5 


35 


92 


200 


7070-27 


150 0.4 




8-9.5 


5 


55 


89 


200 


7070-27 


150 0.4 




10-14 


5 


50 


92 


300 


7070-30 


270 0.6 




12 


5 


60 


92 


250 


7070-30 


270 0.6 




12 


5 


75 


89 


300 


7070-28 


180 0.5 



* Caddell-Burns, NY, (516) 746-2310 

Fixed or Adjustable Output 

For operation at the preset +5V output voltage, VFB is 
connected to GND, and no external resistors are re- 
quired. For other output voltages, an external voltage 
divider is connected to VFB as shown in Figure 4. The 
output is set by R3 and R4 as follows: 

Let R4 be any resistance in the 10kC2 to lOMii range, 
typically 100k£2, then: 



R3: 



n , , VOUT 



Low Battery Detector 

The Low Battery Detector compares the voltage on the 
Low Battery Input (LBI) with the internal +1.31 V bandgap 
reference. The Low Battery Detector Output (LBO) goes 
low whenever the input voltage at LBI is less than + 1.31V. 
The Low Battery detection voltage is set by resistors, R1 
and R2 (Figure 2). 




Figure 3. Typical Operating Circuit (Table 1) 

/v\/\y<.\/v\ _ 



Let R2 be any resistance in the 10k£2 to 10MQ range, 
typically 100k£2, then: 



R1 = R2 ( 



VLB 



-D 



(V|_b is the desired Low 
Battery detection voltage) 



1.31V 

What Value of Inductor? 

A General Discussion 

The converter in this data sheet operates by charging an 
inductor from a DC input, and then discharging the 
inductor to generate a DC output less than the input. 

The proper inductor for any DC-DC converter depends 
on three things: the desired output power, the input 
voltage (or input voltage range), and the converter's 
oscillator frequency and duty cycle. The oscillator timing 
is important because it determines how long the coil will 
be charged during each cycle. This and the input volt- 
age determines how much energy will be stored in the 
coil. 
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Figure 4. Adjustable Output Operation 
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The inductor must meet four electrical criteria: 

[ ] Value- Low enough inductance so it stores ade- 
quate energy at the worst-case, low input voltage. 

High enough so excessive and potentially destructive 
currents are avoided under worst-case high conditions 
for power-switch transistor on time and high input voltage. 

[ ] Saturation- The coil must deliver the correct induc- 
tance value at the worst-case, high peak operating cur- 
rent. 

[ ] EMI- Electromagnetic interference must not upset 
nearby circuitry or the regulator IC. Ferrite bobbin types 
work well for most digital circuits; toroids or pot cores work 
well for EMI-sensitive analog circuits. 

[ ] DC resistance- Winding resistance must be ade- 
quately low so efficiency is not affected and self-heating 
does not occur. Values less than 2£1 are usually more 
than adequate. 

Other inductor parameters, such as core loss or self-res- 
onant frequency, are not a factor at the relatively low 
MAX638 operating frequency. 

Inductor Value- Low Enough? 

The problem that bites designs most often, especially in 
the production or pre-production phase, happens when 
the inductor value is too high. These units fail to deliver 
enough load current and exhibit poor load regulation. 
The worst case is: 

[ ] Maximum load current 

[ ] Minimum supply voltage 

[ ] Maximum inductor value, including tolerance 

[ ] Maximum on resistance of the switch because 

it reduces the excitation voltage across the inductor 
[ ] Worst-case low on time 

Inductor Value- High Enough? 

The inductor value must be high enough so peak currents 
do not stress the transistor or cause the inductor core to 
saturate. Odd symptoms can be traced to excessive 
inductor currents: low efficiency, rattling heat sinks, whin- 
ing coils, and increased output ripple. Very low inductor 
values can result in damaged power transistors. 

The slope of the inductor current, and therefore the peak 
value that :! reaches in a given on time, is determined by 
the supply voltage and the inductor value. The worst 
case occurs at: 

[ ] Maximum supply voltage 
[ ] Minimum inductor value, including tolerance 
[ ] Minimum on resistance of the switch 
[ j Low switching frequency (or maximum switch on- 
time) 



Inductor Selection 

The inductor equations below must be calculated for both 
worst-case sets of conditions. The final value chosen 
should be between the minimum value and maximum 
value calculated. Within these bounds, the value can be 
adjusted slightly lower for extra load capability or higher 
for low ripple. 

4IOUT 



[1] Ipk = V|N-Vsw-VOUT 
VOUT-V D ioDE 
V|N-VSW-V0UT 



[2] 



L = 



+ 1 



(tON) 



where Vsw is the voltage drop across the switch in the 
on state. Conservatively, the worst case is about 0.75V 
max, 0.25V min with Vim = +15V and 1.5V max, 0.5V min 
with Vim = +5V. 

Example: A +12V 10% input must be converted to +5V 
at 50mA. A Schottky diode (1N5817) and a 
MAX638B are used. 

Calculate the maximum inductor value allowed: 

(4) (50mA) 

= 95mA 



ipk" 



L.= 



10.8V- 0.75V -5V 
5V - 0.4V 

10.8V- 0.75V -5V 



+ 1 



(6ns) = 319nH 



95mA 

Calculate the minimum inductor value allowed: 
Ipk = 525mA (from table of max ratings) 
13.2V- 0.25V -5V , 



525mA 



(9.2ns) = 139nH 



The standard value of 270|iH would be a good choice for 
this application. The "A" grade devices, with tighter os- 
cillator tolerance, allow more output current in a given 
application. 

Output Filter Capacitor 

The MAX638's output ripple has 2 components which are 
90° out-of-phase. One component results from the 
change in the stored charge on the filter capacitor with 
each LX pulse. The other is the product of the capacitor's 
charge-discharge current and its Equivalent Series Re- 
sistance (ESR). With low-cost aluminum electrolytic ca- 
pacitors, the ESR produced ripple is often larger than that 
caused by the change in charge. Consequently, high- 
quality aluminum or tantalum filter capacitors will mini- 
mize output ripple, even if smaller capacitance values 
are used. Best results at a reasonable cost 
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are typically achieved with a high-quality aluminum elec- 
trolytic, in the 100nF to 500nF range, in parallel with a 
0.1u.F ceramic capacitor. 

Table 2. Coil and Core Manufacturers 
(Note 2) 



MANUFACTURER 


TYPICAL PART # 


DESCRIPTION 


ASIA 


TDK Corporation 

13-1, Nihonbashi 1-ohome 

Chuo-ku 

Tokyo 103 Japan 


EUROPE 


Richard Jahre GmbH 
Luetzowstrasse 90 
1000 Berlin 30 Germany 


BOBBIN INDUCTORS 


Dale 


IHA-104 


SOOuH, 0.5O 


Caddell-Burns 


7070-29 


220uH, 0.55Q 


Gowanda 


1B253 


250uH, 0.44Q 


UTC 


LL-500 


500uH, 0.75Q 


POTTED TOROIDAL INDUCTORS 


Dale 


TE-3Q4TA 


1mH, 0.82O 


UTC 


MH-1 


600uH, 1.9Q 


Gowanda 


050AT1003 


100uH, 0.05£2 


FERRITE CORES AND TOROIDS (Note 3) 


Siemens 


B64290-K38-X38 


Tor. Core, 4uH/T2 


Magnetics 


555.130 


Tor. Core, 
53nHfl" 2 


Stackpole 


57-3215 


Pot Core, 
14mm x 8mm 


Magnetics 


G-4 1408-25 


Pot Core, 

14 x 8, 250nH/T 2 



Note 2: This list does not constitute an endorsement by Maxim 
Integrated Products and is not intended to be a comp- 
rehensive list of all manufactures of these components. 

Note 3: Permag Corp. is a distributor for many of the listed core 
and toroid manufacturers (516) 822-331 1 . 



External Diode 

In most MAX638 circuits, the current in the external diode 
(D1 , Figure 2) abruptly goes from zero to its peak value 
each time LX switches off. To avoid excessive losses, the 
diode must have a fast turn-on time. For low-power 
circuits with peak currents less than 100mA, signal di- 
odes such as 1N4148s perform well. For higher power 
circuits, or for maximum efficiency at low power, the 
1N5817 series of Schottky diodes are recommended. 



Although 1N4001S and other general purpose rectifiers 
are rated for high currents, they are unacceptable be- 
cause their slow turn-on time results in excessive losses. 

Application Hints 

Inductor Saturation 

When using off-the-shelf inductors, make sure that their 
peak current rating is observed. When designing your 
own inductors, observe the core manufacturer's Ampere- 
turns or Nl ratings. Failure to observe the peak current 
or Nl ratings may lead to saturation of the inductor, 
especially in circuits with external boost transistors. In- 
ductor saturation leads to very high current levels through 
the power switching device causing excessive power 
dissipation, poor efficiency, and possible damage. 

Test for saturation by applying the maximum load and the 
maximum input voltage while monitoring the inductor 
current with a current probe. The normal inductor current 
waveform is a sawtooth with a linear current ramp. Sat- 
uration creates a nonlinear current waveform with a very 
rapid increase in current once the inductor saturates. 

Bypassing and Compensation 

Since the inductor charge and discharge currents can 
be relatively large, high currents may flow in ground 
connections near the MAX638. To prevent unwanted 
feedback, the impedance of the ground path must be as 
low as possible, and power-supply bypassing should be 
used. A 10nF aluminum electrolytic placed at the device 
pins is recommended. 

When the value of the voltage setting resistors (R3 and 
R4, Figure 4) exceed 50kCi, stray capacitance at the VFB 
input can add a "lag" to the feedback response, increas- 
ing low-frequency ripple and lowering efficiency. This 
problem can often be avoided by minimizing lead lengths 
and circuit board trace size at the VFB node. It can also 
be remedied by adding a "lead" compensation capacitor 
(100pF to 0.1 nF) in parallel with R3, 



yVISJXlXfl 



5-23 



+5V/Adjustable CMOS Step-Down 
Switching Regulator 

Chip Topography 



GND LBI LBO Vout 




Maxim cannot assume responsibility lor use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied. 
Maxim reserves the right to change the circuitry and specifications without notice at any time. 
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General Description 

The MAX641/MAX642/MAX643 step-up switching regu- 
lators are designed tor minimum component DC-DC 
converter circuits in the 5mW to 10W range. 

Low-power applications require only an output filter ca- 
pacitor and a small, low-cost inductor. An additional 
MOSFET or bipolar transistor is needed for high-power 
applications. Low battery detection circuitry is included 
on chip. 

The MAX64 1/642/643 are preset for +5V, +12V, and 
+15V outputs, respectively. However, the regulators can 
be set to other levels by adding 2 resistors. Maxim 
manufactures a broad line of step-up, step-down, and 
inverting DC-DC converters with features such as logic- 
level shutdown, adjustable oscillator frequency, and ex- 
ternal MOSFET drive. See Table 3 for a summary of other 
DC-DC converter products. 



Applications 



Simple, High-Efficiency DC-DC Converters 
Uninterruptible Board-Level Power Supplies 
Power Conditioning for Battery Systems 
Portable Instruments and Communications 



Pin Configuration 



TOP VIEW 






LBI [T 
LBO [J_ 
GND [3 

LX [4 


MAX641 
MAX642 
MAX643 


JJ COMP 
7] VFB 
JJ EXT 
JJ VOUT 




DIP/SO 





Features 



♦ Fixed +5V, +12V, +15V Output Voltages 

♦ Adjustable Output with 2 Resistors 

♦ On-Chip Driver for High-Power External MOSFET 

♦ 135|iA Typ Operating Current 

♦ 80% Typ Efficiency 

♦ 8-Pin Narrow DIP and Narrow SO Packages 



Ordering Information 



PART* 


TEMP. RANGE 


PIN-PACKAGE 


MAX641XCPA 


O'C to +70°C 


8 Plastic DIP 


MAX641XCSA 


O'C to +7CTC 


8 Narrow SO 


MAX641XC/D 


0"C to +70"C 


Dice 


MAX641XEPA 


-40'C to +85'C 


8 Plastic DIP 


MAX641XESA 


-40'C to +85°C 


8 Narrow SO 


MAX641XEJA 


-40*C to +85*C 


8 CERDIP 


MAX641XMJA 


-55'C to +125'C 


8CERDIP 


MAX642XCPA 


0' to +70"C 


8 Plastic DIP 


MAX642XCSA 


0° to +7CTC 


8 Narrow SO 


MAX642XC/D 


0" to +70"C 


Dice 


MAX642XEPA 


-40'C to +85'C 


8 Plastic DIP 


MAX642XESA 


-4CTC to +85"C 


8 Narrow SO 


MAX642XEJA 


-40"C to +85*C 


8 CERDIP 


MAX642XMJA 


-55"C to +125 C 


8 CERDIP 



'X= A for 5% Output Accuracy, X=Bfor 10% Output Accuracy. 
Ordering information continued on last page. 



Typical Operating Circuit 



18mH 



r 

i — 
1 



EXT 

MAX641 

VOUT 
LBI GND VFB 



T 



■ +5V 



330nF 



+5V OUTPUT DC-DC CONVERTER 



/M/fxi/vi is a registered trademark of Maxim Integrated Products. 
Dual Mode is a trademark of Maxim Integrated Products 
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ABSOLUTE MAXIMUM RATINGS 



Supply Voltage, VOUT +18V 

Output Voltage, LX and LBO +18V 

Input Voltage, LBI, LBO. VFB, COMP. . -0.3V to (+VOUT + 0.3V) 

LX Output Current 450mA Peak 

LBO Output Current 50mA 

Power Dissipation 

Plastic DIP (derate 8.33mW/'C above +50*C) 625mW 

Small Outline (derate 6mW/*C above +50'C) 450mW 

CERDIP (derate 8mW/*C above +50*C) 800mW 



Operating Temperature 

MAX64 C 0"Cto+70*C 

MAX64 E -40'C to 85 C 

MAX64 M 55 C to 125'C 

Storage Temperature -65'C to + 1 60'C 

Lead Temperature (Soldering, 10 sec.) +300*C 



Stresses beyond those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS 

(Ta = +25"C. unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Operating Voltage 


+Vs 


Voltage at VOUT 
Over Temperature 


2.0 




16.5 


V 


Start-up Voltage 


+Vs 


Voltage at VOUT 
Ta = +25*C 
Over Temperature 


1.5 
1.8 


1.3 




V 


Supply Current 


is 


LX Off. Over Temperature 
VOUT = +5V 
VOUT = +12V 
VOUT= +15V 




0.135 
0.5 
0.75 


0.4 
2.0 
2.5 


mA 


Reference Voltage (Internal) 


VREF 


Ta = +25°C 
Over Temperature 


1.24 
1.20 


1.31 


1.38 
1.42 


V 






No Load, VFB = GND, 
Over Temperature 










VOUT Voltage (Note 1) 




MAX641A 1 _ 
MAX642A \ 
MAX643A J Accuracy 


4.75 
11.4 
14.25 


5.0 
12.0 
15.0 


5.25 
12.6 
15.75 


V 






MAX641B 1 1AO , „ , , 
MAX642B }■ 10% Output 
MAX643B J Accuracy 


4.5 
10.8 
13.5 


5.0 
12.0 
15.0 


55 
13.2 
16.5 




Efficiency 




With External MOSFET 


80 


% 


Line Regulation (Note 1) 




0.5VOUT < +Vs < VOUT 


0.08 


% VOUT 


Load Regulation (Note 1) 




+Vs = 0.5VOUT, 

POUT = OmW to 150mW 


0.2 


% VOUT 
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ELECTRICAL CHARACTERISTICS (continued) 

(Ta = +25'C, unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 






VOUT = +5V 
MAX641A 
MAX641B 


40 

37.5 


45 
45 


50 
56.5 




Oscillator Frequency 


fo 


VOUT = +12V 
MAX642A 
MAX642B 


45.5 
42 


50 
50 


56 
62.5 


kHz 






VOUT = +15V 
MAX643A 
MAX643B 


45.5 
42 


50 
50 


56 
62.5 




Oscillator Frequency Tempco 






-60 


Hz/"C 


Oscillator Duty Cycle 




MAX641, VOUT = +5V 
MAX642, VOUT = +12V 
MAX643, VOUT = +15V 


40 
40 
40 


50 
50 
50 


60 
60 
60 


% 


EXT Output Resistance 




VOUT = +5V, IOUT = ±10mA 
VOUT = +15V, IOUT = ±30mA 


140 
90 


Q 


EXT Switching Time 


tON, tOFF 


Cl = 330pF 
VOUT = +5V 
VOUT= +15V 


160 
125 


ns 


LX On Resistance 


Ron 


lx= 100mA, VOUT = +5V 
VOUT= +15V 




6 

3.5 


12 
7 


q 


LX Leakage Current 


Ixl 


V4 = + 16.5V 
Ta = +25°C 

Over Temperature (C,E) 
Over Temperature (M) 




0.01 


1.0 
30 
100 


MA 


Diode Forward Voltage 


Vf 


lF= 100mA 


1.0 


V 


VFB Input Bias Current 


IFB 






0.01 


10 


nA 


Low Battery Threshold 


Vlbi 




1.31 


V 


Low Battery Input 
Bias Current 


Ilbi 






0.01 


10 


nA 


Low Battery Output Current 


Ilbo 


V2 = +0.4V, V1 = +1.1V 
Ta = +25"C 
Over Temperature 


0.5 


1.0 




mA 


Low Battery Output 
Leakage Current 


Ilbol 


V2 = +16.5V, V1 = +1.4V 




0.01 


3.0 


(jA 



Note 1: Guaranteed by correlation with DC pulse measurements. 
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Pin Description 



PIN 


NAME 


FUNCTION 


1 


LB I 


Low Battery Input. When the voltage at LBI 
is lower than the Low Battery Detector thresh- 
old (+1.31V), LBO sinks current. 


2 


LBO 


The Low Battery Detector Output is an open 
drain N-channel MOSFET which sinks cur- 
rent when the LBI is below +1.31V. 


3 


GND 


Ground 


4 


LX 


In low-power applications, LX drives the ex- 
ternal inductor with an internal N-channel 
power MOSFET. LX has a typical output re- 
sistance of 6H and a peak current rating of 
450mA. 


5 


VOUT 


The regulated DC-DC converter output when 
the internal MOSFET and catch diode are 
used. When an external diode is used, this 
pin becomes the supply voltage input pin 
and is usually connected to the cathode of 
the external diode. 



PIN 


NAME 


FUNCTION 


6 


EXT 


The drive output for an external power 
MOSFET or bipolar transistor EXT swings 
from GND to VOUT and has approximately 
100Q sink/source impedance. EXT is low 
when LX is open circuit and high when LX 
is on. 


7 


VFB 


When VFB is grounded, the DC-DC con- 
verter output will be the factory preset value. 
When an external voltage divider is con- 
nected to VFB. this pin becomes the feed- 
back input for adjustable output operation. 


8 


COMP 


The Compensation input is connected to the 
internal voltage divider which sets the fixed 
voltage output. In some circuit board lay- 
outs, a lead compensation capacitor (100pF 
to 1 0nF) connected between VOUT and 
COMP reduces low-frequency ripple and im- 
proves transient response. Ground comp 
when using an External Voltage divider on 
VFB. 



Typical Operating Characteristics 



SUPPLY CURRENT Lx OUTPUT CURRENT OSCILLATOR FREQUENCY 

vs. OUTPUT VOLTAGE vs. VquT vs. OUTPUT VOLTAGE 




5 10 15 0.5 1.0 1.5 20 25 3.0 2 4 6 8 10 12 M 16 

"OUT IWI Lx VOLTAGE |V| VouT (VI 
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Detailed Description 

Basic Operation 

The operation of the MAX641 series can best be under- 
stood by examining the regulating loop of Figure 1 . When 
the output voltage drops below the preset (or externally 
set) value, the Error Comparator switches high and con- 
nects the internal 45kHz Oscillator to the gate of the 
internal MOSFET and to the EXT output. EXT is typically 
connected to the gate of an external N-channel power 
MOSFET. When EXT is activated, the MOSFET turns on 
and off at the internal clock frequency. 

When EXT is high, the MOSFET switches on, and the 
inductor current increases linearly storing energy in the 
coil. When EXT switches the MOSFET off, the coil's 
magnetic field collapses, and the voltage across the 
inductor reverses sign. The voltage at the anode of the 
catch diode then rises until the diode is forward biased, 
delivering power to the output. As the output voltage 
reaches the desired level, the Error Comparator inhibits 
EXT until the load discharges the output filter capacitor 
to less than the desired output level. 



Though designed to power an external MOSFET or bipo- 
lar transistor, the MAX641 series will also work well in low- 
power applications (<250mW) with its own internal 
MOSFET and catch diode. In these applications, the LX 
output does the current switching and an external capac- 
itor and inductor are all that are needed. 

Vin, Bootstrapped Operation 

TheMAX641/642/643donothaveaV|N pin. Input power 
to start the DC-DC converter is supplied via the external 
inductor (and diode, if used) to the VOUT pin. Once the 
converter has started, it is then powered from its own 
output. This design ensures that the output MOSFET will 
have maximum gate drive and, hence, a minimum Ron 
It also allows the converter to start at lower input voltages. 

Vin Greater Than VOUT 

If the regulator's input voltage is more than 1 forward 
diode drop greater than the desired output voltage, the 
EXT and LX outputs will not turn on, and the output will 
no longer be regulated. However, current will be sup- 
plied to the load directly through the catch diode. As long 
as the input is more than 0.6V above the desired output, 



VlN . 
+3V' 



47|iH 



— Itf — 

1N5817 



R2 
100KI 



r 



LOW BATTERY 
COMPARATOR 



LBl 



LBO 



45kHz OSC. 



1.31V REF. 



ERROR 

COMPARATOR 



rOl 



LX 

CATCH DIODE 

— w — t— 



VOUT 



-282kfl . 



COMP 




MODE SELECT 
COMPARATOR 



0^ 



100k£2< 



GND 



•FOR V0UT = +5V 
ON MAX641 



T C1 

J_47l 



VOUT +5V 



470mF 



C2 

100pF 



Figure 1. +3V to +5V Converter and Block Diagram for MAX64 1/642/643 
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the output will equal the input voltage, less the forward 
drop of the catch diode. 

Fixed or Adjustable Output 

For operation at one of the preset output voltages (+5V 
for the MAX641, +12V for MAX642, and +15V for 
MAX643), VFB is connected to GND, and no external 
resistors are required. 

For other output voltages, a voltage divider is connected 
to VFB as shown in Figure 2. The output is set by R3 and 
R4 as follows: 

Let R4 be any resistance in the 10kQ to 10Mti range, 
typically 100kn, then: 

Low Battery Detector 

The Low Battery Detector compares the voltage on the 
Low Battery Input (LBI), with the internal + 1 .31 V bandgap 
reference. The Low Battery Detector Output (LBO) goes 
low whenever the input voltage at LBI is less than +1 .31V. 
The Low Battery threshold is set by resistors R1 and R2 
(Figure 1). 

Let R2 be any resistance in the 10kQ to ^0M^1 range, 
typically 100k£2. 

m - n2 ( -1) (VLB is the desired Low 
1.31V Battery detection voltage) 

What Value Of Inductor? 

A General Discussion 

The converters in this data sheet operate by charging an 
inductor from a DC input, then discharging the inductor 
to generate a DC output greater than the input. 

The proper inductor for any DC-DC converter depends 
on three things: the desired output power, the input 
voltage (or range of input voltage), and the converter's 
oscillator frequency and duty cycle. The oscillator timing 
is important because it determines how long the coil will 
be charged during each cycle. This, along with the input 
voltage, determines how much energy will be stored in 
the coil. 

The inductor must meet four electrical criteria: 

[ ] Value- Low enough inductance so it stores ade- 
quate energy at the worst-case, low input voltage. 

High enough so excessive and potentially destructive 
currents are avoided under worst-case high conditions 
for power-switch transistor on time and high input voltage. 



VlN 



eh 



IN5817 



EXT 


LX 




VOUT 


MAX641 




MAX642 




MAX643 


VFB 




GND 



VOUT > Vin 



VOUT 



R3 > 100pF 



j 



Figure 2. Connections lor Adjustable Output Operation 

[ ] Saturation- The coil must deliver the correct induc- 
tance value at the worst-case, high peak operating cur- 
rent. 

[ ] EMI- Electromagnetic interference must not upset 
nearby circuitry or the regulator IC. Ferrite bobbin types 
work well for most digital circuits; toroids or pot cores 
work well for EMI-sensitive analog circuits. 

[ ] DC resistance- Winding resistance must be ade- 
quately low so efficiency is not affected and self-heating 
does not occur. Values less than 0.5Q are usually more 
than adequate. 

Other inductor parameters, such as core loss or self-res- 
onant frequency, are not a factor at the relatively low 
MAX64 1/642/643 operating frequency. 

Inductor Value- Low Enough? 

The problem that bites designs most often, especially in 
the production or pre-production phase, happens when 
the inductor value is too high. These units fail to deliver 
enough load current and exhibit poor load regulation. 
The worst case is: 

[ ] Maximum load current 

[ ] Minimum supply voltage 

[ ] Maximum inductor value, including tolerance 

[ ] Maximum on resistance of the switch because 

it reduces the excitation voltage across the inductor 
[ ] Worst-case low on time 
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Inductor Value- High Enough? 

The inductor value must be high enough so peak currents 
do not stress the transistor or cause the inductor core to 
saturate. Odd symptoms can be traced to excessive 
inductor currents: low efficiency, rattling heat sinks, 
whining coils, and increased output ripple. Very low 
inductor values may result in damaged power transistors. 

The slope of the inductor current, and therefore the peak 
value that it reaches in a given on time, is determined by 
the supply voltage and the inductor value. The worst 
case occurs at: 

[ ] Maximum supply voltage 
[ ] Minimum inductor value, including tolerance 
[ ] Minimum on resistance of the switch 
[ ] Low switching frequency (or maximum switch on 
time) 

Inductor Selection 

The inductor equations below must be calculated for both 
worst-case sets of conditions. The final value chosen 
should be between the minimum value and maximum 
value calculated. Within these bounds, the value can be 
adjusted slightly lower for extra load capability or higher 
for lowest ripple. 



[1] lpk = 



VOUT +VDIQDE -Vin 
(0.25) (Vin -V S W) 



(IOUT) 



r „, . VlN -VSW „ . 
[2] L = — (toN) 

Where Vsw is the voltage drop across the switch in the 
on state. Conservatively, the worst case is about 0.75V 
max, 0.25V min with Vin = + 1 5V and 1 ,5V max, 0.5V min 
with Vin = +5V. 

Example: A +5V 10% input must be converted to + 15V 
at 15mA. A Schottky diode (1N5817) and a 
MAX643B are used. 

Calculate maximum inductor value allowed: 

15V + 0.4V -4.5V 



ipk : 



(0.25) (4.5V -0.75V) 



(15mA) = 174mA 



Calculate the minimum inductor value allowed: 

Ipk = 450mA (from table of max ratings; use the power 
MOSFET max ratings for external transistor 
circuits) 

5.5V -0.25V , H „ , ... , 
L= 450mA ( 1 2^)=140,H 



A value of 160nH would be a good choice for this 
application. The "A" grade devices, with tighter oscillator 
tolerance, allow more output current in a given applica- 
tion. 

Application Hints 

External MOSFET 

An external MOSFET or transistor can be used to drive 
the inductor in high-power applications. The current 
handling specifications of the device must match the 
peak current which flows in the inductor (see Inductor 
Selection). The only restriction on the size of the external 
driver is that the EXT output must be able to drive the 
external device's gate (or base) capacitance at the inter- 
nal clock rate (45kHz). An external driver may be used 
to increase operating voltage range of the 
MAX641/642/643. 

Table 2 contains a list of MOSFETs and their manufactur- 
ers. Logic level MOSFETs should be used when the 
supply voltage is less than +5V. Refer to Figures 4 and 
5 for circuits requiring external MOSFETs. 

Output Filter Capacitor 

The MAX64 1/642/643 output ripple has 2 components 
which are 90° out of phase. One component results from 
the change in the stored charge on the filter capacitor 
with each LX pulse. The other is the product of the 
capacitor's charge-discharge current and its Equivalent 
Series Resistance (ESR). With low-cost aluminum elec- 
trolytic capacitors, the ESR produced ripple is often 
larger than that caused by the change in charge. Con- 
sequently, high-quality aluminum or tantalum filter capac- 
itors will minimize output ripple, even if smaller 
capacitance values are used. Best results at a reason- 
able cost are typically achieved with a high-quality alu- 
minum electrolytic, in the 100nF to 500|iF range, in 
parallel with a 0.1p.F ceramic capacitor. 

Diodes 

When the MAX64 1/642/643 are used with an external 
power MOSFET, the internal diode can be used if the 
peak diode current rating (450mA) and maximum pack- 
age power dissipation ratings are observed. For higher 
power circuits, an external Schottky diode such as the 
1N5817 (1 Amp) or 1N5821 (3 Amp) should be con- 
nected between LX and VOUT in parallel with the internal 
diode. Although 1N4001S and other general purpose 
rectifiers are rated for high currents, they are not recom- 
mended because their slow turn-on time results in exces- 
sive losses and poor efficiency. 
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Bypassing and Compensation 

Since the inductor charging current can be relatively 
large, high currents flow through the ground connection 
near the MAX641/642/643. To prevent unwanted feed- 
back, the impedance of the ground path must be as low 
as possible, and a bypass capacitor (10u.F) should be at 
the VOUT pin, even if large filter capacitor are used 
elsewhere in the circuit. 

When large values (>50kfi) are used for the voltage 
setting resistors (R3 and R4 of Figure 2), stray capaci- 
tance at the VFB input can add a "lag" to the feedback 
response, destabilizing the regulator and causing output 



pulses to occur in bursts. This problem can often be 
avoided by minimizing pin lengths and circuit board trace 
size at the VFB node. Normal operation with evenly 
distributed pulses can also be restored by adding a "lead" 
compensation capacitor (100pF to 10nF) in parallel with 
R3. 

The COMP input allows access to the internal voltage 
divider so that compensation can also be added when 
fixed output operation is used. A capacitor connected 
between VOUT and COMP adds a "lead" to the 
regulator's response. 



Table 1 . Representative N-Channei Power MOSFETs 



PART 
NUMBER 


PKG. 


Ron AT 

(lDS,V G S = X) 


V(MAX) 


MFG. 


IRFD121 
BUZ71A 
BUZ21 


4pDIP 
TO-220 
TO-220 


0.3Q(1.3A. 10V) 
0.12Q(6A. 10V) 
0.1Q(9A, 10V) 


60 
50 
100 


H/IR 

MOT/SI/SM 
MOT/SI/SM 


IRF513 
IRF530 
IRF540 


TO-220 
TO-220 
TO-220 


0.8fi(2A, 10V) 
0.18£2(8A, 10V) 
0.0850 (8A, 10V) 


100 
100 
100 


H/IR/MOT/SI 
H/IR/MOT/SI 
H/IR/MOT/SI 


IRF620 
IRF640 


TO-220 
TO-220 


0.8fi(2.5A, 10V) 
0.18Q(10A, 10V) 


200 
200 


H/IR/MOT/SI 
H/IR/MOT/SI 


Manufacturer Code: H= Harris, IR= 


International Rectifier, MOT= Motorola, SM= 


Siemens, Sl= Siliconix 




N-Channel Logic-Level Power MOSFETs 






PART 
NUMBER 


PKG. 


Ron AT 

(Ids, Vgs = X) 


V(MAX) 


MFG. 


RFP25N06L 
RFP12N10L 
PFP15N06L 


TO-220 
TO-220 
TO-220 


0.85£1(12.5A, 5V) 
0.20£2(6A, 5V) 
0.14Q(7.5A,5V) 


50 
100 
50 


I X I 


1RL540 
IRL734 
IRZ14 


TO-220AB 
TO-220AB 
TO-220AB 


0.11Q(24A, 4V) 
0.3£1(7.8A, 4V) 
0.07fi(23A, 4V) 


100 
60 
60 


IR 
IR 
IR 


MTM25N05L 
MTM15N05L 
MTP12N10L 


TO-220AB 
TO-220AB 
TO-220AB 


0.1Q(12.5A, 5V) 
0.15£2(7.5A, 5V) 
0.18Q(6A, 5V) 


50 
50 
100 


MOT 
MOT 
MOT 



Manufacturer Code: H= Harris, IR= International Rectifier. MOT= Motorola 

Note: This list does not constitute an endorsement by Maxim Integrated Products and is not intended to be a comprehensive list of all 
manufacturers of these components. 
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Table 2. Inductance Values for Commonly Encountered Power Supplies (Figure 5) 



MAXIM 
PART NO. 


V,N 

(V) 


VOUT 

(V) 


loUT 

(mA) 


TYP EFF 

(%) 


u 

(A) 


PART NO.* 


INDUCTOR (L) 

MH fi 


MAX641 


3 


5 


200 


83 


1.3 


6860-13 


100 


.10 


3 


5 


300 


80 


2.0 


6860-09 


47 


.05 




5 


12 


200 


91 


1.2 


6860-08 


39 


0.05 


MAX642 


5 


12 


350 


89 


2 


6860-04 


18 


0.03 




5 


12 


550 


87 


3.5 


7200-02 


12 


0.01 




5 


15 


100 


92 


1.2 


6860-08 


39 


0.05 


MAX643 


5 


15 


150 


89 


1.5 


6860-06 


27 


0.04 


5 


15 


225 


89 


2 


6860-04 


18 


0.03 




5 


15 


325 


85 


3.5 


7200-02 


12 


0.01 



* Ferrite Bobbin Coils from Caddell-Burns. NY (516) 746-2310 



Inductor Saturation 

It is important to be sure that the inductor does not 
saturate, particularly in high-power circuits. Inductor 
saturation leads to very high current levels through the 
external boost transistor, causing excessive power dissi- 
pation, poor efficiency, and possible damage to the 
inductor and the external transistor. 

Test for saturation by applying the maximum load and the 
maximum input voltage while monitoring the inductor 
current with a current probe. The normal inductor current 
waveform is a sawtooth with a linear current ramp. Sat- 
uration creates a nonlinear current waveform with a very 
rapid increase in current once the inductor saturates. 

To ensure that the current rating(s) of the FET(s) is not 
exceeded, the inductance value of the coil, including the 
manufacturer's tolerances, should never be lower than 
that used in the calculations or in Table 2. In addition, to 
ensure that the core does not saturate, the current rating 
of the coil should be greater than the peak current, l P k. 

Coil resistance has a significant effect on the output 
current. To increase the output current and raise the 
overall efficiency, the inductor should have a resistance 
less than a few tenths of an Ohm. 

Inductance Values 

Inductance values for commonly encountered power 
supplies are listed in Table 2. The data in Table 2 refers 
to the circuit in Figure 5. 

Typical Applications 

Basic High-Power Hookup 

Figure 5 shows the standard circuit configuration for a 
fixed output step-up DC-DC converter. The output power 
is determined by the current ratings of the external 
MOSFET and inductor, as well as, the switching time of 
the EXT output into the gate capacitance of the MOSFET. 



Typical switching times are given in the Electrical Char- 
acteristics Table. 

Low-Power Step-Up Conversion 

In low-power applications, the LX output and internal 
diode may be used instead of an external MOSFET and 
diode, as shown in Figure 3. The power handling capa- 
bility of this circuit is about 250mW. Seethe MAX631 data 
sheet for inductor selection information. 

High-Voltage Operation 

If the external MOSFET or transistor has an adequate 
voltage rating, the output voltage range of the 
MAX64 1/642/643 can be extended (Figure 4). The ad- 
justable output mode must be used (VFB connected to 
external resistors), and the VOUT pin must be connected 
to the circuit's INPUT voltage. 



200-500(iH 



Vin 



V0UT>Vin 
VOUT = +5V WITH MAX641 
VOUT = *12V WITH MAX642 
VOUT = +15V WITH MAX643 



LX 




VOUT 




COMP 


MAX641 




MAX642 


VFB 


MAX643 






GND 



— :fr 



VOUT 



Figure 3. Low-Power, Fixed Output Step-Up Converter Using LX 
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CO 

1 

1 



100(iH 



VlN 
+12V 



10mF 



1N4935 

-w— 



h 



N.C. 



VOUT 



EXT LX 



MAX641 vfb 

MAX642 

MAX643 

COMP GND 



iL ± 3 



VOUT+50V 



2 



220nF 



1 

T 



IDQOpF 



F/gure 4. High-Voltage Step-Up Converter 
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VOUT 
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LBI GND 


VFB 


1 1 I 3 
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I: 



3^ 1N5823 



lOOOpF 



VOUT 



1000|jF 



Figure 5. High Output Current Step-Up Converter (See Table 2) 
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Table 3. Maxim DC-DC Converters 



PART 
NUMBER 


DESCRIPTION 


INPUT 
VOLTAGE 


OUTPUT 
VOLTAGE 


COMMENTS 


Low-Power Boost Converters 


MAX630/4193 


DC-DC Boost Converter 


2V to 16.5V 


VOUT>Vin 


Improved RC4193 2nd source 


MAX631 


DC-DC Boost Converter 


1 ,5V to 5.6V 


+5V 


Only 2 external components 


MAX632 


DC-DC Boost Converter 


1.5V to 12.6V 


+12V 


Only 2 external components 


MAX633 


DC-DC Boost Converter 


1.5V to 15.6V 


+15V 


Only 2 external components 


High-Power Boost Converters 


MAX641 


High-Power Boost Converter 


1 .5V to 5.6V 


+5V 


Drives external MOSFET 


MAX642 


High-Power Boost Converter 


1.5V to 12.6V 


+12V 


Drives external MOSFET 


MAX643 


High-Power Boost Converter 


1.5V to 15.6V 


+ 15V 


Drives external MOSFET 


Low-Voltage Boost Converters 


MAX654 


Low-Voltage Boost Converter 


1.15V to 5.6V 


+5V 


Optimized for 1 cell 


MAX655 


Low-Voltage Boost Converter 


1 .5V to 5.6V 


+5V 


Optimized for 2 cells 


MAX656 


Low-Voltage Boost Converter 


1.15V to 5.6V 


+5V 


Drives external MOSFET 


MAX657 


Low-Voltage Boost Converter 


1.15V to 3.6V 


+3V 


Optimized for 1 cell 


MAX658 


Low-Voltage Boost Converter 


1.5V to 5.6V 


+5V 


Drives external MOSFET 


MAX659 


Low-Voltage Boost Converter 


1.5V to 3.6V 


+3V 


Optimized for 2 cells 


Invertering Converters 


MAX634/4391 


DC-DC Voltage Inverter 


2V to 16.5V 


up to -20V 


Improved RC4391 2nd source 


MAX635 


DC-DC Voltage Inverter 


2V to 16.5V 


-5V 


Only 3 external components 


MAX636 


DC-DC Voltage Inverter 


2V to 16.5V 


-12V 


Only 3 external components 


MAX637 


DC-DC Voltage Inverter 


2V to 16.5V 


-15V 


Only 3 external components 


Step-Down Converter 


MAX638 


DC-DC Voltage Stepdown 


3V to 16.5V 


VOUT< Vin 


Only 3 external components 


Charge-Pump Converters 


MAX680 


± Output Charge Pump 


2V to 6V 


±2Vin 


4 external capacitors 


MAX681 


± Output Charge Pump 


2V to 6V 


±2V| N 


MAX680 with internal capacitors 


ICL7660 


Negative Charge Pump 


1.5V to 10V 


-Vin 


Not regulated 


ICL7662/Si7661 


Negative Charge Pump 


4.5V to 20V 


-Vin 


Not regulated 


Dual Output Converters 


MAX742 


Current-Mode Controller 


+5V 


+15V/±12V 


Drives external MOSFETs 


MAX743 


Current-Mode Regulator 


+5V 


±15V/±12V 


3W output 
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Chip Topography _ Ordering Information (continued) 



GND GND LBO 




PART* 


TEMP. RANGE 


PIN-PACKAGE 


MAX643XCPA 


O'C to +70"C 


8 Plastic DIP 


MAX643XCSA 


O'C to +70"C 


8 Narrow SO 


MAX643XC/D 


O'C to +70"C 


8 Dice 


MAX643XEPA 


-40"C to +85"C 


8 Plastic DIP 


MAX643XESA 


-40'C to +85°C 


8 Narrow SO 


MAX643XEJA 


-40°C to +85"C 


8CERDIP 


MAX643XMJA 


-55"Cto +125'C 


8CERDIP 



'X = A for 5% Output Accuracy, X = Bfor 10% Output Accuracy. 



Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied. 
Maxim reserves the right to change the circuitry and specifications without notice at any time. 



ynyjxiyn 



5-36 



INTRODUCTORY 



>I/I>JXI>I/I 

•48V to +5V Output 
Switching DC-DC Converter 



General Description 

The MAX650 is a low-power fixed +5V output switching 
DC-DC converter designed for operation from very high 
negative input voltages. All control functions and a 1 40V, 
250mA PNP transistor are contained in this device, re- 
ducing external components. A soft-start eliminates 
overshoot on turn on, and a Shutdown pin (SHDN) allows 
the output to be turned on and off. In addition, peak 
current limiting is provided on the PNP output. 

The MAX650 features user-controllable operating fre- 
quency and a separate low voltage detector with adjust- 
able hysteresis for monitoring the supply voltage. It can 
be set to trip at any negative voltage with a simple voltage 
divider. 

The MAX650 is available in an A version with ±5% output 
voltage tolerance and a B version with ±10% tolerance. 



Applications 



Telephone (-48V) Powered Devices 
Negative Input to +5V Converter 



Pin Configurations 



Top View 




DIP 



FB[T 
GND |T 

c (T 

N.C. [4 
E^ 

BD [T 
N.C. |T 



MAX650 



l|] SHDN 

Ts] osc 

u] ss 

t|| LBO 

TJ] HYST 

Vj] LBI 

10] NEG 

9] N.C. 



SO 



Features 



MAKi/m is a registered trademark of Maxim Integrated Products. 



♦ +5V at 250mA From a -48V Source 

♦ Selectable Soft-Start Function 

♦ Shutdown Pin for Output On-Off Control 

♦ Internal 140V, 250mA Switching PNP Transistor 

♦ Low Component Count 

♦ Low Battery Voltage Detector 

Ordering Information 



PART 


TEMP. RANGE 


PIN-PACKAGE 


MAX650ACPD 


0°C to +70"C 


14 Plastic DIP 


MAX650ACWE 


0*C to +70'C 


16 Wide SO 


MAX650AC/D 


0'C to +70"C 


Dice 


MAX650BCPD 


0"C to +70 S C 


14 Plastic DIP 


MAX650BCWE 


0"C to +70°C 


16 Wide SO 


MAX650BC/D 


0'C to +70"C 


Dice 


MAX650AEPD 


-40*C to +85*C 


14 Plastic DIP 


MAX650AEWE 


-40'C to +85"C 


16 Wide SO 


MAX650BEPD 


-40"C to +85*C 


14 Plastic DIP 


MAX650BEWE 


-40"C to +85"C 


16 Wide SO 


MAX650AMJD 


-55*C to +125'C 


14 Ceramic DIP 


MAX650BMJD 


-55 - Cto +125"C 


14 Ceramic DIP 



Typical Operating Circuit 
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ABSOLUTE MAXIMUM RATINGS 

(Unless otherwise noted, all voltages are referenced to the GND terminal.; 



Collector (C) Current, Ic -300mA 

Collector (C) Voltage, Vc -140V 

Emitter (E) Voltage, Ve -1Vto+0.3V 

Base BD Current, Ibd -50mA 

FB Voltage, Vfb +7V 

LBI.SS and SHDN Currents ±10mA 

LBO Voltage, Vlbo (VnEG -0.3) to (Vneg +15) V 

Voltage at OSC, BD, HYST, 

LBI.SS, and SHDN (Vneg -0.3) to 0V 

NEG Current, IneG -25mA 

OSC Current, lose ±10mA 

LBO Sink Current. Ilbo -10mA 

Stresses beyond those listed under 'Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions beyond those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 



HYST Source Current. Ihyst ±10mA 

Power Dissipation 

Plastic DIP (derate 6.5mWfC above 25'C) 470mW 

Small Outline (derate 10mW/'C above 75*C) 750mW 

CERDIP (derate 11mW/*C above 75"C) 825mW 

Operating Temperature 

MAX650C_ 0*C to +70'C 

MAX650E_ -40"Cto+85'C 

MAX650M_ -55'C to + 125'C 

Storage Temperature -65'C to +160'C 

Lead Temperature (Soldering, 10 sec.) +300"C 



ELECTRICAL CHARACTERISTICS 

(GND = 0V, Ta = +25'C, unless otherwise noted. MIN and MAX values are based on magnitude without regard to sign.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Output (load) Voltage 


Vfb 


Ta = Full 
MAX650A 
MAX650B 


+4.75 
+4.5 


+5 
+5 


+5.25 
+5.5 


V 


Feedback Input Current 


Ifb 


Vfb = +5V 




40 


100 


uA 


Internal Zener Voltage 


Vneg 


Ta= Full, InEG = -500|jA 


-6 


-7 


-8 


V 


Internal Zener Current 


I NEG 


Ta = Full 


-0.3 


-0.5 


-10 


mA 


Current Sense Voltage Ve 


-140 


-175 






Peak Collector Current 


ic 




-250 


mA 


Collector Leakage Current 


ic 


Ta = Full, Vc = -140V 




0.1 


10 


mA 


Collector (C) Saturation Voltage 


Vsat 


Ta = Full. Ic = -250mA, 
IBD = -25mA 


-4 


V 


PNP Current Gain 


Hfe 


Ta = Full, Vc<-4V 
Ic = -100mA 
IC = -250mA 


20 
10 


80 
13 






Switching Frequency 


Fo 


lOSC = -12uA 
Ta = +25"C 
Ta = Full 


17 

15 


20 


23 
25 


kHz 


Oscillator Input Voltage 


VOSC 


lOSC = -12(1 A 


-2 


V 


Oscillator Input Current 


lose 




-4 


-12 


-100 


HA 


Switching Duty Cycle 


%ON 


SS = Open Circuit 
SS = GND 


48 
24 


53 
27 


65 
33 


% 


Low Battery Input Threshold 


VLBI 


Ta = Full 


VNEG+0-13 VNEG+0.08 VNEG+0.03 


V 


Low Battery Input Current 


Ilbi 


Ta = Full 




0.1 


±100 


nA 


Soft-Start Input Threshold 


Vss 




-3 


-4.5 


-5 


V 


Soft-Start Input Current 


iss 




-10 


HA 


Shutdown Input Threshold 


VSHON 




-3 


-4.5 


-5 


V 


Shutdown Input Current 


ISHDN 


0V > VSHDN > -3V 


-10 


ma 
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Pin Description 



PIN# 
14-PIN 
DIP 


PIN# 
16-PIN 
Wide SO 


NAME 


FUNCTION 


1 


1 


FB 


Feedback Input. The 5V output 
is connected to FB, which regu- 
lates the output voltage. This 
input sinks approximately 40|aA 
to Vneg. 


2 


2 


GND 


Ground. This is the positive 
side of the -48V input supply 
and the negative side of the 
+5V output. All specified volt- 
ages are referenced to this pin. 


3 


3 


c 


Output (collector) of the PNP 
transistor switch. Connect to 
the transformer primary. This 
pin can withstand up to -140V 
on the flyback cycle and 
sources up to 250mA from E, 
depending on the base drive 
current at BD. 


4 


4, 8,9 


N.C. 


No Connection. These pins are 
open circuit. 


5, 6 


'5, 6 


E 


Current sense input (emitter) of 
PNP transistor. Connect to 
GND, either directly or through 
a low-value sense resistor. 
When the voltage on these pins 
is more negative than -175mV, 
the PNP transistor is turned off 
for an entire cycle. 


7 


7 


BD 


Base Drive Input of PNP transis- 
tor. Figure 1 


8 


10 


NEG 


Negative Power Connection. 
Anode of 7V Zener diode whose 
cathode is connected to GND. 
An external series limiting resis- 
tor is required between this ptn 
and the -48V input supply. This 
resistor must also sink the LBO 
current (up to 100u.A). 



Operating Principle 

The MAX650 is a flyback switching converter; energy 
from the input supply is first transferred to the transformer 
core through the primary winding, then discharged from 
the secondary winding into the load. A typical circuit 
consists of a battery in series with the primary coil of a 
transformer, a switch, a rectifier, and a filter. (Figure 3). 
During the first portion of the cycle, the switch is closed, 
and current builds up in the primary storing energy in the 
form of a magnetic field in the transformer's core. 

During the second portion, or "flyback" part of the cycle, 
the switch opens, the magnetic field collapses, and the 
energy stored in the core is discharged through the 
secondary winding into the rectifier and the load. The 
switch is controlled by an oscillator whose output is gated 



PIN# 
14-PIN 
DIP 


PIN# 
16-PIN 
Wide SO 


NAME 


FUNCTION 


9* 


11* 


LBI* 


Low Battery Monitor Input. 

PMf^Ci inni it 

L/iviuo inpui. 


10* 


12* 


HYST* 


Low Battery Monitor Hysteresis 
Output. This P-channel FET 
sources up to 80uA to GND 
when the LBI input is 80mV 
more positive than Vneg; other- 
wise HYST is an open circuit. 


11 


13 


LBO 


Low Battery Monitor Output. 

Qinlf e i in in 1 OOi i A tn MFf^i m hon 

oiriKb up 10 iuuum to iMcvja wnen 
LBI is 80mV more positive than 
Vneg. 


12* 


14* 


SS* 


Soft-Start Input. Normally left 
open circuit for 50% duty cycle. 
Connect to GND through a ca- 
pacitor to change the oscillator 
duty cycle to 25% and reduce 
input current on startup. 


13 


15 


OSC 


Oscillator Frequency Control 
Input (Figure 2). The voltage on 
this pin is approximately -2V. 


14 


16 


SHDN 


Shutdown Input. Leave open cir- 
cuit or connect to NEG for nor- 
mal operation. Connect to GND 
through a 100kQ resistor to stop 
oscillator and turn-off output. 



* Voltage limitations on HYST, LBI, and SS terminals. 

HYST, LBI. and SS should not be connected to GND. This is 
because protection diodes associated with these terminals will be 
forward biased, interfering with correct operation. If low-voltage 
detection is not required, LBI must be connected to NEG, and the 
HYST terminal left open circuit. SS may be connected to GND 
through a 0.1 uFd, or smaller capacitor, to initiate soft-start on 
power up. If soft-start is not required , SS should also be connected 
to NEG. 



on and off by a comparator that monitors the output 
voltage. When the output voltage is below the comparator 
threshold (+5V) the switch turns on for the first half of the 
oscillator cycle. When the output voltage is above the 
comparator threshold, the switch skips an entire oscillator 
cycle. This "pulse-skipping" technique regulates by vary- 
ing the average number of cycles over time rather than 
varying the duty cycle of the switch on each cycle. 

Figure 4 shows the block diagram of the MAX650. PNP 
transistor, Q1, controls the input current to the trans- 
former. The emitter of this transistor can be connected 
to GND directly or through a low-value current sense 
resistor. The collector of the transistor connects to the 
primary of the transformer. Transistor base drive is set 
by an external resistor connected to BD. The oscillator 
frequency is set by another external resistor at OSC. 



o 
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A CMOS voltage comparator, for low battery or low input 
voltage detection, is included in the MAX650. Its input 
threshold voltage, LBI, is biased 80mV above the nega- 
tive supply pin, NEG. The output, LBO, is an N-channel 
FET which sinks up to 100nA to NEG, and its drain can 
be connected to positive potentials above GND (up to 
15V above Vneg). 

Circuit Details 

A typical application circuit is shown in Figure 4. The 
basic operation is set by 4 external resistors, Rneg, 
ROSC, RBD, and RSENSE. Output current capability is 
determined by the transformer, as described later. 
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Figure 1. Hfe vs. Collector Current 
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Figure 2. Oscillator Frequency vs. Oscillator Current 



Supply Current, Rneg 

Although the MAX650 is meant to operate with high 
negative supply voltages (VinMIN to VinMAX), it uses 
approximately -7V internally. This is set by an internal 7V 
zener diode connected between GND and NEG. The 
current through this diode must be more than 300|iA and 
less than 1 0mA. It is set by the size of the external voltage 
dropping resistor, Rneg, and the supply voltage, VinMIN. 

[1] Rneg = (VinMIN -V NEG )/ Ineg 
where, 

[2] Ineg = 500uA + i LB o 

5-40 



(Note that VinMIN, Vneg and all currents are negative, 
but the calculations are simplified by using positive val- 
ues.) If the low battery function is used, the LBO output 
sinks or furnishes load current, l|_BO, through the NEG 
pin, and this current must be added to the Ineg current 
calculation as in Eq. 2. 

Resistor, Rneg, should be calculated using the lowest 
supply voltage, VinMIN, to insure an adequate Ineg 
current. 

Calculations for a typical application look like this: 

V| N MIN = -36V; V| N MAX = -50V 

LBO output current = -100u.A 

The supply resistance is calculated for the lowest supply 
voltage and the highest current. 

[2] Ineg = 500jiA + i LB o 

= 500nA + 100|iA = 600|iA 

[1] Rneg = (VinMIN -Vneg) /Ineg 
= ( 36V - 7V) / 600nA 
= 48,333ft (use 47kn) 

With the highest input voltage, the maximum current is: 

[3] Ineg = (VinMAX -Vneg) /Rneg 

= ( 50V - 7V) / 47,000£2 
= 915nA 



Oscillator Frequency, Rose 

The MAX650 varies its oscillator frequency in order to 
keep the energy delivered to the primary of the trans- 
former constant with varying input voltages. The oscilla- 
tor frequency is a nearly linear function of the current into 
the OSC pin. The frequency is set by resistor, Rose, 
connected between OSC and the negative supply volt- 
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Figure 3. Typical Circuit 
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VALUES SHOWN ARE FOR +5V 

AT 250mA OUTPUT 
VALUES IN PARENTHESES ARE 
FOR+5VAT 100mA OUTPUT. 



Figure 4. Typical Application Circuit 

age. Therefore, the oscillator frequency is nearly linearly 
proportional to the supply voltage, and the switch "on" 
period is inversely proportional to the supply voltage. 
The power stored in the primary is nearly constant with 
changes in supply voltage since the peak current through 
the switch and the primary of the transformer are propor- 
tional to the product of the "on" period of the switch and 
the input voltage. 

Normally, the oscillator frequency is 20kHz when lose is 
-12|iA, as shown in Figure 2. The value of Rose is: 

[4] ROSC = V| N MIN / lose 

Soft-Start 

The duty cycle of the output transistor is controlled by the 
SS pin which has a 1u.A pulldown current to the NEG pin. 
When the SS pin is left open or connected to NEG, soft-start 
is disabled and the duty cycle of the switch is approximately 
50%. When it is temporarily grounded through a 0.1 (iFd, 
or smaller capacitor, the switch is on for 25% of the time 
andofffor75%, until the capacitor is charged to Vneg The 
MAX650 starts up slowly each time that power is applied 
and then switches over to normal operation. The soft-start 
circuit is shown in Figure 5. Note that the SS pin cannot be 
connected directly to GND. 



Currant Sense, Rsense 

The Emitter, E, of the PNP transistor can be connected 
directly to GND. But, in order to protect the output tran- 
sistor against destructive short-circuit currents, it should 
be connected to GND via a low-value current sense 
resistor, RsENSE. An internal comparator compares the 
voltage generated across the sense resistor at E to an 
internal -175mV reference and turns off the transistor 




Figure 5. Soft-Start Circuit 
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when the peak current being switched exceeds this 
value. The value of RsENSE is given by the formula: 

[5] RsENSE = 175mV/l PE AK(mA) 

Since the maximum current that the transistor can switch 
is 250mA, resistors less than 0.70Q will afford no protec- 
tion. For higher values, RSENSE will limit the switch cur- 
rent to a safe level. 

Transformer 

Transformer selection is governed by a number of fac- 
tors. To simplify the process, Table 1 lists two transform- 
ers which have been tested with the MAX650. 

The Transformer, T1, must store all of the energy that 
flows into the load. Accordingly, it should have a pow- 
dered iron or ferrite core, and it should have low resis- 
tance (10Si on the primary and 0.2Q on the secondary) 
to minimize losses. Small toroids or pot cores are pre- 
ferred. 

The transformer design is based on four values: turns 
ratio, frequency and duty cycle, primary inductance, and 
peak current. The turns ratio is calculated by dividing the 
maximum supply voltage by the sum of the minimum 
output voltage (Vfb) and the diode loss (Vf) and multi- 
plying the result by 0.75 for a safety factor. 



[6]Turns Ratio 



0.75 x V| N MAX 
(VfbMIN + diode V F ) 



The design works backwards from the load as follows: 
the diode and transformer secondary resistance losses 
can be lumped together as "1V" so that the maximum 
secondary output voltage is 6.5V. Knowing the required 
output current, IOUT, the Output Power, Pout, becomes: 

[7] Pout = 6.5V x IOUT (Watts) 

Assuming 95% efficiency in the transformer (transformer 
only, not the whole circuit), the input power to the primary, 
PlN is: 

PlN = 6.5V x IOUT / 0.95 (Watts) 

[8] P| N = 6.84V x IOUT (Watts) 

With an oscillator frequency of 20kHz, the energy put into 
the coil, Ein, during each "on" cycle is: 

[9] Ein = Pin / Fosc (Joules) 



or: 



[9A] 



Ein = 6.84V x IOUT / 20,000Hz (Joules) 



When the switch closes, the energy builds up in the 
primary inductance, L, to a maximum value. This energy 
can also be expressed as: 

[10] Ein = (V| N MIN x t N) 2 / 2 L (Joules) 



so that the primary inductance, L, is: 

[11] L = (V| N MINxt N) 2 / 2 Ein (Henries) 

Combining [9A] with [11], the primary inductance is: 

_ (VlNMINxt 0N )g 
IOUT 



[12] 



- (Henries) 



At the end of the switch "on" period (tON = 25ns for a 
20kHz 50% duty-cycle switch), the current rises to a peak 
value, Ipeak. 

[13] Ipeak = V| N MIN xtoN/L (Amperes) 

Ipeak must be less than 250mA to avoid exceeding the 
MAX650's collector current rating. When selecting the 
transformer, the transformer must have a peak primary 
current rating greater than Ipeak to prevent core saturation. 

In summary, set the oscillator frequency to 20kHz. The 
results of Equations 6,12, and 1 3 determine the electrical 
characteristics of the transformer. 

Snubbers 

When the power switch opens, the primary voltage will 
flyback to a high negative value which depends on the 
leakage inductance and capacitance of the transformer. 
This voltage could exceed the MOV peak voltage rating 
of the MAX650 collector and damage it if not limited by a 
series R-C network, or "snubber." The snubber network 
is usually placed in parallel with the transformer primary, 
and the R-C values depend on the transformer charac- 
teristics and must be determined experimentally. 1000£i 
in series with 100pF is a good starting place. The snub- 
ber does dissipate some power, reducing the overall 
efficiency, but this can be minimized or eliminated by 
using a transformer with low leakage inductance. 

Larger R and smaller C values improve efficiency, but 
may not adequately suppress the negative spike at C. 
Smaller R and larger C values reduce the size of the 
spike, but then reduce efficiency. The optimum snubber 
balances these two goals. 

Under ideal conditions, the snubber may be omitted. If 
either of the two transformers shown in Table 1 is used, 
the snubber is not needed. 

Base Drive, ffoo 

The output transistor, Q1 , is turned on by a combination 
of the oscillator "on" pulse: the output voltage comparator 
output high, the sense comparator high, and the base 
drive current. The output transistor is turned off by a 
P-channel FET that shorts its base to GND. 

In order to conserve power, the base drive current to the 
switching PNP transistor is set by adjusting current 
through the base drive pin, BD. Ibd is set to a value that 
insures that Q1 nearly saturates when it is turned on, 
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based on the minimum beta for the output current. For 
example: 

[14] IBD = (PEAK / HfE 

The Hfe vs. collector current is shown in Figure 1. 

The base drive circuit includes a shunt zener that clamps 
the base drive voltage to Vneg during the off period. 
Thus, for half of the cycle the current through BD is 
wasted. This loss can be recovered, however, if a 0.1u.Fd 
capacitor is placed between BD and GND. This capac- 
itor effectively captures the lost current and makes it 
available for the whole cycle. More importantly, it effec- 
tively halves the required base drive current so that the 
base resistor is: 



[15] 



RBD = 2x(V| N MIN-7V)/I BD 



Note that with high current designs, Rbd may need to 
dissipate up to 600mW. 

Capacitors 

The output capacitor should be at least 10u.F, increasing 
approximately 1nF/mA of output current. Low ESR ca- 
pacitors, such as tantalums, are preferred. But, if alumi- 
num electrolytics are used, each should be paralleled 
with a 0.1 nF disk ceramic. Because of possible switch- 
ing transients, 0. 1liF should also be connected between 
NEG and GND. 

Diodes 

Schottky diodes are preferred for the secondary rectifier. 
Their low forward voltage drop and fast switching times 
make them the best choice for efficiency. The 1N5817 is 
a good example. 

Low Battery Monitor 

A low battery monitor with adjustable hysteresis is built 
into the MAX650. When LBI is connected to NEG (ap- 
proximately -TV), LBO sinks up to -lOO^A to NEG, and 
the HYST pin, a P-channel FET drain, sources up to 
1 OOliA to GND. When LBI is connected to a voltage more 
positive than -TV, LBO and HYST outputs are open 
circuits. Normally LBI is connected to the negative sup- 
ply via a voltage divider to GND, and a hysteresis resistor, 
Rh, is connected between HYST and LBI. The resistors 
are shown in Figure 6 and are calculated by the following 
formulas: 



[16] 
[17] 



R B = 20 x (V| N MAX -7V) (Ml) 
7VxR B 



Ra 



V-TL-7V 



Where Vtl is the low threshold voltage input, and VinMAX 
is the maximum power-supply voltage. Both are positive 
in these calculations. 



When hysteresis is used, the value of Rh, which would 
otherwise be open circuit, is determined by: 



[18] 



[18A] 



Rh = 



Rh = 



R A x R B x 7V 



Rax(V TH -7V)-(7VxRb) 



(kO) 



Vtl 



Rax Rb 
x „ „ (Ml) 



(V TH - v TL ) Ra + Rb 



Where- Vtl is the lower threshold voltage, and Vth is the 
higher threshold voltage (again using positive values). 
The hysteresis is the difference between Vth and Vtl. 

Since the voltage at NEG has a range of -6V to -8V (over 
temperature) LBI and, thus, the higher and lower thresh- 
old voltages, cannot be set to better than ±16%. 

Voltage Limitations at HYST, LBI, and SS 

These three terminals may not be connected directly to 
GND. Connection to GND forward biases diodes asso- 
ciated with these terminals and interferes with the correct 
operation of the device. If the low voltage monitor is not 



CMOS DRIVER 



20(V| N MAX-7V)k£2 
TVxRb 

(Vtl - TV) 

Ra x Rb x 7V 

Ra(Vih-7Vi-(7VxRb) 

= LOWER THRESHOLD 

VOLTAGE 
- HIGHER THRESHOLD 

VOLTAGE 





-48V 



Vtl 
Vin 

HYSTERESIS RESPONSE 



Figure 6. Low Battery Detector Circuit 
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required, LBI should be connected to NEG and HYST left 
open circuit. SS may be connected to GND through a 
capacitor to initiate soft start on power-up. If the soft-start 
function is not required, SS must be connected to NEG. 

Shutdown 

The SHDN trip voltage is typically -4.5V. If the function is 
not required, SHDN may be left open circuit or connected 
to NEG. The terminal has a 1 u.A pulldown current to NEG. 
To activate SHDN, this terminal may be raised positively 
above -4.5V and connected to GND or to a positive 
voltage of up to + 15V with respect to NEG. 

A Design Example 

Figure 4 shows a complete circuit with all values. Table 
1 lists the transformers that may be used to produce +5V 
at 250mA or 100mA. These values are derived from the 
following procedure, which may be adjusted for-any input 
voltage range and output current: 

V| N MIN = -42V 
V| N MAX = -54V 
Output = +5V at 250mA 

Vtl = -42V (the low threshold) 
V T h = -44V (the high threshold) 
l L BO = 100nA 

First, set the oscillator to 20kHz with the lowest input 
voltage. From Figure 2, lose = 12jiA and Rose is: 

[4] ROSC = V| N MIN / lose 
= 42V/ 12nA 
= 3.5Mn, use 3.6M£2 

Next, from Formula [1], calculate Rneg. 

[1] Rneg = (VinMIN - v NEG ) / Ineg 

= (42V - 7V) / (500nA + 100nA) 
= 58.33k£2, use 56ki2 

The transformer: calculate the primary inductance using 
the minimum supply voltage. 



[12] 



L = 



(V| N MIN xtpiM) 2 x 1462 



I OUT 



or. 



_ 42 x 42 x 25 x 25 x 10~ 12 x 1462 
0.25 

L = 6447nH = 6.5mH 

The turns ratio should be calculated using the maximum 
supply voltage and the minimum output voltage, includ- 
ing the diode loss. 



[6] Turns Ratio 



0.75 x V| N MAX 
(VfbMIN + diode V F ) 



= 0.75 x 54 / (4.5 + .4) = 40.5 / 4.9 
Turns Ratio = 8.27 , use 8 

Calculate the peak current in the primary and the transis- 
tor using the minimum input voltage again. 

[13] IREAK =V| N MINxt N/L 

= 42x25x 10- 6 / (6500x 10- 6 ) 
= 162mA 

From Figure 1 , when lc = 1 62mA and Hfe =10, and from 
Formula 14: 

[14] Ibd = Ipeak/H F e 

= .162/10 = 0.0162A 

Calculate the Base Drive Resistor, Rbd, from Formula 15 
using VinMIN = 42V. 

[15] Rbd = 2x(V| N MIN-7V)/I BD 
= 2x (42V- 7V)/ 0.01 62A 
= 4321 a, use 4.3kQ 

Note that with the maximum supply voltage, the power 
dissipated by Rbd is: 

Pbd = v B d 2 / Rbd 

= (54 - 7) 2 / 4300 

= 0.52W 

Next, calculate value of Rsense. 

[5] Rsense = i75(mV)/lp EA K(mA) 
= .175V/ 162A 
= 1.0812, use 1 1£2 

Last, calculate the LBI resistors. 

[16] R B « 20 x (VinMAX -7V) (k£2) 

= 20 x (54-7) = 940k, use 953W2 

7Vx R B 



[17] R A = 



[18] 



Rh 



V TL -7V 
= 7 x 953k / (42- 7) = 191 k£2 

Ra x Rb x 7 
= R A x (V TH - 7V) - (7V x R B ) 

191kx953kx7 
191k x (44 -7)- (7 x 953k) 

= 3218k, use3.3M 
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Table 1 . Transformer and Resistor Selection Guide 



SUPPLY V 
(NEGATIVE) 


Rbd 

(k£l) 


IOUT 
(mA AT5V) 


MANUFACTURER 


MODEL # 


PRIMARY L TURNS RATIO 
(PRI:SEC) 


42 to 54 


4.3* 


250 


Schott Corp. 


67122480 


6.45mH 8:1 


42 to 54 


22* 


100 


Schott Corp. 


67122490 


16.0mH 8:1 



' Use 0.1(iF from BD to GND, Rneg = 56k. Rose = 3.6M. Schott Corporation: (615) 889-8800. 

Chip Topography 



GND FB OSC 
SHDN 




(2.388mm) 



Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied. 
Maxim reserves the right to change the circuitry and specifications without notice at any time. 
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•Up DC-DC Converters 



The MAX654-659 step-up DC-DC converters operate 
from low input voltages such as those supplied by single- 
cell batteries. They feature a low battery indicator and 
can run in standby mode to prolong battery life. A Power 
Ready output provides a means to control external cir- 
cuitry when standby mode is used. 

The performance characteristics of each device are 
listed in the following table. The MAX654/656/657 are 
optimized for single-cell input, while the MAX655/658/659 
work best with two series alkaline or NiCad cells, or one 
lithium cell. The MAX654/655/657/659 contain an inter- 
nal power MOSFET, while an external MOSFET is re- 
quired with the MAX656/658. 



PART 


TYP INPUT 
RANGE (V) 


OUT 

(V) 


POWER 
SWITCH 


OUTPUT 
(mA) 


MAX654 


1.15-1.56 


5 


Internal 


40 


MAX655 


2.30-3.10 


5 


Internal 


60 


MAX656 


1.15-1.56 


5 


Ext MOSFET 


170 


MAX657 


1.15-1.56 


3 


Internal 


60 


MAX658 


2.30-3.10 


5 


Ext MOSFET 


110 


MAX659 


2.30-3.10 


3 


Internal 


60 



Applications 



Battery-Powered Devices 
Single-Cell Instruments 
Pagers and Radio Controlled Receivers 
4-20mA Loop Powered Instruments 



Features 



♦ +5V at 170mA from a Single-Cell Battery 

♦ Guaranteed Start-Up at 1.15V 

♦ Minimum Component Count 

♦ Shutdown Mode-80|iA Quiescent Current 

♦ Low Battery Indication 

♦ Power Ready Function 



Ordering Information 



PART 


TEMP. RANGE 


PIN-PACKAGE 


MAX654CPD 


0°C to +70°C 


14 Plastic DIP 


MAX654CSD 


0°C to +70°C 


14 Narrow SO 


MAX654C/D 


0°C to +70°C 


Dice 


MAX654EPD 


-40°C to +85°C 


14 Plastic DIP 


MAX654ESD 


-40°C to +85°C 


14 Narrow SO 


MAX654MJD 


-55°Cto +125°C 


14 CERDIP 


MAX655CPD 


0°C to +70°C 


14 Plastic DIP 


MAX655CSD 


0°C to +70°C 


14 Narrow SO 


MAX655C/D 


CfC to +7CTC 


Dice 


MAX655EPD 


-40°C to +85°C 


14 Plastic DIP 


MAX655ESD 


-40°C to +85°C 


14 Narrow SO 


MAX655MJD 


-55°C to +125°C 


14 CERDIP 


Ordering information continued on page 5-56. 



Top View 



LX2[T 
v+ \J 
Vcc [T 
Vref(T 

LBO [7 
LB! (T 

gnd[T 



Pin Configurations 



MAX654 
MAX655 
MAX657 
MAX659 



DIP/CERDIP/SO 



74] HP GND Vcc [T 

75] ctl v+ [7 

l2]HPGND GND [7 

TTJ pr Vref [T 

To] OUT LBO [7 

7] LX1 LBI [7 

T] N.C. GND [7 



MAX656 
MAX658 



Tl] N.C. 
7J] CTL 

n\D 
7] PR 
¥] OUT 
1] LX1 
T] N.C. 



DIP/CERDIP/SO 



Typical Operating Circuit 



BATT Jj 
1.5V 



4.7mH < L1 
9 



L2 j 47 M H 

-Jz — 



LX1 



Vcc 

LBI 
Vref 
GND 
CTL 



HP GND 
LBO 



LX2 

MAX654 0UT 



IN5818 
220U.F 



r 

i 



1 M F 
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ABSOLUTE MAXIMUM RATINGS 



Peak Voltage at LX1 Pin +16V 

Peak Voltage at LX2 or Vcc Pin +6.6V 

Supply Voltage to LI +15V 

Supply Voltage to L2. Vcc +5.6V 

Peak Current, LX1 50mA 

Peak Current, LX2 1.6A 

LBO Output Current 50mA 

Input Voltage, CTL. LBI (Note 1) -0.3V to (V+ + 0.3V) 



Operating Temperature 

MAX65XCXX 0Cto+70C 

MAX65XEXX 40 C to +85 C 

MAX65XMXX -55'C to +125'C 

Power Dissipation 

Plastic DIP (derate 10mW/"C above 70'C) 800mW 

SO (derate 8.7mW/ C above 70'C) 695mW 

CERDIP (derate 9.5mW/'C above 70'C) 750mW 

Storage Temperature -65Cto+160"C 

Lead Temperature (Soldering. 10 Sec) +300'C 

Note 1: V+ is generated at LX1. In low current mode, it is 4.5V to 5.6V (2.6V to 3.6V on MAX657. 659); in high current mode, it is 10V to 
15V. 

Stresses above those listed under 'Absolute Maximum Ratings' may cause permanent damage to the device. These are stress ratings only, and functional 
operation ot the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability 

ELECTRICAL CHARACTERISTICS: MAX654, MAX656, MAX657 

(GND = 0V, Vbatt = 12V, Ta = 25°C, unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Output Voltage 


VOUT 


MAX654, MAX656 


Ta =Tmin to Tmax 


4 5 


5.0 


5.5 


V 


MAX657 


Ta =Tmin to Tmax 


2.7 


3.0 


3.3 


Output Current 


II 




See Table 1 


mA 


Minimum Input Voltage to LX1 


VLX1 


lL = OuA 




0.9 


1.0 


V 


Minimum Startup Voltage to LX 1 


VLX1 


lL = 0(iA 




1.1 


1.15 


V 


Input Voltage to LX2 


VLX2 




5.6 


V 


Peak LX2 Switch Current 


ILX2 


MAX654, MAX657 


1.5 


A 


Standby Current 


IQ 


lL = 0(iA, CTL = Open 


80 


HA 


Switching Frequency 


fo 


Vbatt = LOVto 1.6V 


15 5 


18 


24 


kHz 


Ta = Tmin to Tmax 


18 


LX2. D Switch Duty Cycle 


%ON 


MAX654, MAX656 


66 


75 


80 


% 


MAX657 


50 


66 


75 


LX2, D Switch On Time 


tON 


MAX654, MAX656 


30 


42 


46 


US 


MAX657 










LX2 On Resistance 


Rdson 


MAX654. MAX657 


0.40 




0.67 


Q 


D Output Saturation Current 




MAX656 


Source 
Sink 


-25 
100 


mA 


Low Battery Input 
Threshold Voltage 


VLBI 




1.12 




1.18 


V 


Low Battery Input 
Threshold Tempco 






-0.5 


mvrc 


Low Battery Input Bias Current 


Ilbi 






0.01 


10 


nA 


Low Battery Output 


Vlbo 


VLBI < 1.12V, lLBO = 

Vlbo > 1.18V, Ilbo 


1.6mA 
= -1(lA 


V+-1 




0.4 


V 


CTL Input Threshold 


VCTL 












V 


PR Output 




PR High, Ipr = -1pA 
PR Low, Ipr = 1mA 






VOUT - 0.2 
0.3 




V 
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ELECTRICAL CHARACTERISTICS: MAX655, MAX658, MAX659 

(GND = OV, Vbatt = 2.4V, Ta = 25'C, unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Output Voltage 


VOUT 


MAX655. MAX658 


Ta =Tmin to Tmax 


4.5 


5.0 


5.5 




MAX659 


Ta =Tmin to Tmax 


2.7 


3.0 






Output Current 


IL 




See Table 1 


mA 


Minimum Input Voltage to LX1 


Vlxi 


lL = OuA 




0.9 


1.0 


V 


Minimum Startup Voltage to LX1 


VLX1 


IL = OuA 




1.0 


1.5 


V 


mpui vonaye 10 la^ 


VLX2 




5.6 


V 


Peak LX2 Switch Current 


ILX2 




1.5 


A 


Standby Current 


IQ 


II = OuA. CTL = Open 


40 


uA 


Switching Frequency 


fo 


VBATT = 2.0V to 3.2V 


15.5 


18 


24 


kHz 


Ta = Tmin to Tmax 


18 


LX2. D Switch Duty Cycle 


%ON 


MAX655. MAX658 


40 


50 


60 


% 


MAX659 


25 


33 


37 


LX2. D Switch On Time 


tON 


MAX655, MAX658 


18 


28 


35 


us 


MAX659 


12 


18 


22 


LX2 On Resistance 


Rdson 




0.40 




0.67 


Q 


D OutpurSaturation Current 




MAX658 


Source 
Sink 


-25 
100 


mA 


Low Battery Input Threshold 
Voltage 


Vlbi 




1.12 




1.18 


V 


Low Battery Input Threshold 
Tempco 






-0.5 


mWC 


Low Battery Input Bias Current 


Ilbi 






0.01 


10 


nA 


Low Battery Output 


Vlbo 


Vlbi < 1.12V. i L bo = 
Vlbi > 1.18V, Ilbo = 


1.6mA 
-1(*A 


V+ -1 




0.4 


V 


CTL Input Threshold 


VCTL 




0.7 


V 


PR Output 


VPR 


PR High, Ipr = -1uA 
PR Low, Ipr = 1mA 


VOUT - 0.2 
0.3 


V 



Operating Principle 

The MAX654-659 are step-up converters; energy from a 
battery is first stored in a coil and then discharged to the 
load. Essentially, the circuit consists of a battery in series 
with a coil (L2) and switch (LX2), along with a rectifier 
(D1)and filter capacitor (C1) as shown in Figure 1. When 
the switch is closed, current builds up in the coil, creating 
a magnetic field. Next, the switch opens, the magnetic 
field collapses, and the voltage across the inductor re- 
verses polarity. This voltage adds to that of the battery 
and supplies current to the load via the rectifier. 

The switch is controlled by a constant frequency oscilla- 
tor whose output is gated on and off by a comparator that 
monitors the output voltage. When Vout rises above the 
comparator threshold, the MOSFET at LX2 is held off. 

The key to operating CMOS circuitry from a 1V supply 
depends on a technique called bootstrapping. A spe- 
cially designed oscillator starts itself up on a very low 



voltage and builds up (or bootstraps) a higher voltage 
that in turn is used as the supply for further operation. 
The bootstrapped supply yields higher efficiency be- 
cause it can drive the gate of the internal FET transistors 
to lower on resistances. 

When power is first applied, the circuit is very inefficient 
for the first cycle until a higher voltage is generated on 
the flyback half of the cycle. This higher voltage is 
rectified and filtered and powers the entire IC (and thus 
the oscillator) for the next cycle. Since each cycle gen- 
erates a higher voltage for the next cycle, the voltage 
builds up very rapidly. An internal regulator limits the 
voltage to about 1 2V. The load for this supply is only the 
CMOS chip itself, so the requirements for the external 
inductor, L1, are not demanding. The +12V supply is 
brought out to the V+ pin and is connected to a tantalum 
capacitor for filtering. 

The bootstrapped 12V drives an internal N-channel 
power FET that furnishes the switching power for the load. 
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figure ). MAX654/655/657/659 Block Diagram 

Since the gate of this FET is driven from a 12V supply, it 
has a very low on resistance and can efficiently switch 
high currents through a second inductor, L2. It is the 
power stored in this second inductor that is delivered to 
the 5V load via an external Schottky diode The rectified 
5V output is connected back to the OUT pin to provide 



feedback. The MAX654-659 thus have two separate 
switching circuits and use two separate inductors. 

Circuit Details 

A typical application circuit is shown in Figure 3. The 
higher value inductor, L1, is typically 4.7mH, and may 

Pin Description 



MAX656 
MAX658 
PIN# 


MAX654 
MAX655 
MAX657 
MAX659 
PIN# 


NAME 


FUNCTION 




1 


LX2 


Output (drain) of high-power 
N-channel power MOS 
switch. 


1 


3 


VCC 


Connect to positive battery 
terminal. 


2 


2 


v+ 


Output of low power-up con- 
verter; 10V to 15V in high- 
power mode, 4.5V to 5.6V in 
MAX654/655/656/658 
standby mode, 2.6V to 3.6V 
in MAX657/59 standby mode. 


3.7 


7 


GND 


Low-Power Ground. 


4 


4 


Vref 


1 25V bandgap reference 
output; should be decoupled 
with a capacitor to pin 3. 
This terminal is high imped- 
ance and cannot source or 
sink current. 


5 


5 


LBO 


Low Battery Monitor Output. 
Sinks 1 6mA when LBI is 
less than 1 . 1 7V, otherwise 
sources 1u.A from V+. 



MAX656 
MAX658 
PIN# 


MAX654 
MAX655 
MAX657 
MAX659 
PIN# 


NAME 


FUNCTION 


6 


6 


LBI 


Low Battery Monitor Input 
1.17V threshold. 


8, 14 


8 


N.C. 


No Connection. 


9 


9 


LX1 


Output (drain) of low-power 
N-channel power driver. 


10 


10 


OUT 


+5V (+3V on MAX657/659). 
Feedback (input) pin for 
high-power operation; output 
pin in standby mode. 


11 


11 


PR 


Power Ready Output; high 
when high-power converter 
is ready to supply power. 
High output level = Vout. 




12, 14 


HP GND 


High-Power Ground. 


13 


13 


CTL 


Control Mode Switch Input: 
open circuit or high for 
standby mode, ground for 
high-power mode. 


12 




D 


Driver output to external FET 
Output voltage swings from 
GND to V+. 
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tET 

BATT -j- 



D1 
IN5818 



OUT- 



Q1 



C1 
220nF 



TO 
OUT 

C2 i 



Vcc 



START- UP 
COMPARATOR 



h.3mH 



' 2 



tX1 



LBI 



C31nF 



IT 

PI 



MODE 

CONTROL 



GND 



LBC 



PWR 
RDY 
DET 



STBY 



CTL 



S2? 1 25V 
Jk BANDGAP 
= REFERENCE 



Figure 2. MAX656/658 Block Diagram 

have fairly high losses. It is used for the low-power 
section of the circuit and is rectified by an internal diode 
and routed to V+, where it is filtered by an external 
capacitor, C1. The second inductor, L2, ranges from 
12|iH to 500fiH, depending on input voltage and load 
current. It must have low series resistance and have 
sufficient core material to handle the load power without 
saturating. With the MAX654/5/7/8, the inductor, L2, is 
connected to LX2, which is simply the drain of the high- 
power FET. Current flowing through L2 is rectified by an 
external Schottky diode, D1, and filtered by an external 
capacitor, C2. This is the main +5V output (+3V on the 



MAX657/659). It is connected to the OUT pin which is 
the feedback input in high-power mode. Figure 4 shows 
a similiar circuit with the MAX656 using an external FET 
for higher power output. 

Low-Power Standby Mode 

A control pin (CTL) puts the device into standby mode to 
conserve power. When this pin is held low, the IC oper- 
ates normally. But if it is driven high or left open, the chip 
goes into standby. Several things happen in standby 
mode: the PR pin is driven low, the high-power FET is 
gated off, the 12V (V+) switching supply is reduced to 



L1 
4.7mH 



BATT 
1.2V- 
1.55V 



L2 
>47jiH 



C3 
1nF 



T 7 



m 

1N5818 



Vcc 



LX1 



LX2 



Vref 
GND 
CTL 

HPGND 
LBO 



MAX654 



OUT 



C2 1+ 
100nFJ 



+5V 
40mA 



X C1 
1HF 



L1 -#7130-45 
L2 - #6860-09 
(Caddell-Burns 
516-746-2310) 




L1 - #7130-43 
L2- #7200-02 
(Caddell-Bums 
516-746-2310) 



Figure 3. MAX654 Typical Application 



Figure 4. MAX656 Typical Application 
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+5V (+3V on the MAX657/659) and is connected to the 
OUT pin. By lowering the internal 12V supply to 5V, the 
leakage currents of the CMOS circuits (and the losses 
associated with its voltage reference and oscillator) are 
reduced to a minimum. The internal low-power 5V supply 
can furnish up to 500|iA and is connected to the normal 
5V OUT pin to supply current to standby circuitry. 

Power Ready Output Pin 

During initial start-up (and when placed in standby 
mode), the MAX654-659 internal voltages are too low to 
drive the power FET efficiently. A separate comparator 
determines when this voltage has reached a high enough 
value to drive the power FET. The output of this compa- 
rator gates the FET drive signal. This scheme extends 
battery life in standby mode and prevents the power FET 
from stalling when switching to high-power mode. The 
comparator output appears at the PR pin and can be 
used to control external circuitry, such as the gate of a 
MOSFET connecting the load to the power supply, further 
reducing battery drain. 

Start-Up and Mode Considerations 

The MAX654-659 may be started up in either low-power 
(standby) or high-power mode. When starting in the 
high-power mode, both the low-power switch and the 
high-power switch start immediately. Whether or not the 
load is connected, the output voltage will rise to 5V in the 
first few cycles. Note that in the high-power mode, the 
OUT pin is used as a feedback input. 

If a high-power load (greater than about 500|jA) is con- 
nected to the OUT pin and the device is placed in the 
low-power mode via the CTL pin, the low-power oscillator 
will have to furnish all of the 5V power via the OUT pin, 
and the low-power oscillator will stall. Therefore, it is 
important to disconnect any load currents (greater than 
500|iA) whenever the low-power or standby mode is 
selected. The PR pin may be used to disconnect the load 
via an external transistor. 

Input Filtering 

It is important to limit the rate of rise of the input voltage 
if the circuit is first turned on with a mechanical switch or 
by the installation of battery(ies). A simple R-C network 
made up of the battery's internal resistance and a lO^iF 
tantalum capacitor placed at the battery side of L2 input 
is sufficient for this purpose. This capacitor also helps to 
absorb the (relatively) high peak currents that are drawn 
from the battery in the high-power mode. 

Output Filtering 

It is also important to limit the speed at which V+ de- 
creases to 5V when the mode is switched from high 
power to standby. This is accomplished by putting a 1|iF 
capacitor between the V + and OUT pins. Also, a 220|iF 
capacitor placed on the OUT pin provides both filtering 



and serves to hold up the 5V during the switchover 
period. Without these capacitors, the 5V output may 
spike negatively during switchover. 

Low Battery Function 

A completely independent low battery monitor is built into 
the MAX654-659. Its input, LBI, is the + input of a CMOS 
comparator whose input is connected to an internal 1 .1 7V 
reference. This input can be connected directly to the 
battery in single-cell circuits. The trip voltage of the Low 
Battery Detector may be adjusted using an external 
voltage divider as shown in Figure 5. The output, LBO, 
can sink 1 .6mA or source several microamperes from V+ . 




10kQ<R2< 10MQ 
Vlb 

R1=R2(^-1) 

Vlb = Trip Point of Low Battery Detector 



Figure 5. Setting Low Battery Detector Trip Point 

Inductor Selection 

Low-Power Coil, L1 

For the low-power inductor (L1) a 4.7mH coil with a DC 
resistance of less than 40£2 is adequate for most appli- 
cations. In general, higher inductance values allow lower 
start-up voltages, while lower resistances yield lower 
quiescent current in standby mode. If the inductance is 
made too high, the low-power (V+) output voltage and 
current are reduced. This in turn reduces the efficiency 
of the power section, so the +5V output (in standby mode) 
supplies less current. Lower values of inductance raise 
the minimum start-up voltage. 

High-Power Coil, L2 

The high-power coil, L2, stores most of the energy that 
flows into the load. Accordingly, it should have a pow- 
dered iron or ferrite core and have low series resistance 
to minimize losses. It also must have an adequate cur- 
rent rating to prevent saturation. 
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A coil must be selected that keeps the peak current at 
LX2 below the maximum rating ot the switch. This max- 
imum is 1 .5A for the MAX654/55/57/59 and depends on 
the current rating of the external FET and inductor when 
using the MAX656/58. The optimum inductance can be 
found using Figures 6-1 1 (refer to the Output Current vs. 
Input Voltage Section), or inductance values may be 
approximated from Table 1 , or finally, the inductance may 
be calculated as follows: 

The first step is to calculate the minimum permissible 
inductance that keeps the peak current below the current 
rating of the individual components. This is done using 
the highest expected input voltage (Vin(MAX)). the long- 
est on time per cycle for the LX2 switch (tON(MAX)), and 
the lowest total series resistance, Rmin, where Rmin is 
the sum of the minimum coil and FET resistances. These 
are the conditions under which the highest coil current 
flows. 

For the MAX654, from the Electrical Characteristics 
table: 

Ipkof LX2 = 1.5A 
RDSON(MIN) = 0.4O 
fO(MIN) = 15,500Hz 

duty cycle maximum, %ON(MAX) = 0.8 
tON(MAX) = 46|iS 

Assume that the minimum coil resistance , Rcoil(MIN) is: 

RCOIL(MIN) = 0.10 

The minimum total resistance, R(MIN) is: 

R(MIN) = RDSON(MIN) + RCOIL(MIN) = 0.4 + 0.1 = 0.50 
Then: 

| , = -| 5A = VlN(MIN) x -R ( M|N)tON(MAX)/L(MIN)l 
P R(MIN) 



or: 



= -R(MIN) tQN(MAX) 
L(MIN) " /n[l-R (M IN) lpk/V|N(MAX)] 



The above two equations "blow up" if R(MIN) = 0, but work 
fine for R(MIN) > 0.001O. For a maximum input voltage 
of 1.56V (single alkaline cell) and a minimum coil resis- 
tance of 0.1O, the minimum permissible inductance for 
the MAX654/57 is 35.1J1H. 

Having determined the minimum inductance that keeps 
the peak current below the individual component ratings, 
we next calculate a new peak current (I'pk) using the 
highest resistance (R(MAX)) and the lowest input voltage 
(Vin(MIN)) Using these parameters, we will calculate the 
minimum available output (DC) current. 
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From the Electrical Characteristics table: 

RDSON(MAX) = 0.67O 

fO(MAX) = 24,000Hz 

duty cycle minimum, %0N(MIN) = 0.66 

tON(MiN) = 30ns 

The inductance tolerance of L2 has some impact on 
these calculations. In the following equations, a new 
L(MIN) based on the manufacturer's tolerance specifica- 
tion is used. This example assumes ±10% tolerance, so 
90% of the nominal inductance is used. 

Assume that the maximum coil resistance, RCOIL(MAX) is: 

RCOIL(MAX) = 0.150 
The maximum total charging resistance, R(MAX) is: 

R(MAX) = RDSON(MAX) + RCOIL(MAX) = 0.82O 
At the end of the ON period: 

_ VlN(MIN) x ng-RiMAX) tON(MIN)/L(MIN)l 
P R(MAX) 

The energy stored in the in the coil is: 
2 



EC0IL = 



L(MIN) x I'pk ' 



And the power put into the coil is: 

PCOIL = fO(MAX)xEcOIL 



X fQ(MAX) 



_ L(MIN) X I'pk' 
2 

The minimum available DC output current, Iout, is: 
Pload Pcoil - Ploss 



IOUT = 



VlOAD V0UT(MAX) + VDI0DE-V|N(MIN) 



_ Pcoil -I'pk x Rcoiumax)/3 x (1-%ON ( min) ) 

VOUT(MAX) + VDIODE -VlN(MIN) 

Using a 47 ±10% \M coil with a resistance of 0.1 50 and 
an input voltage of 1.1V, the minimum available 5V output 
current at the highest output voltage (5.5V) would be 
36.3mA. This assumes a 0.3V forward drop in the IN581 8 
diode. 

When selecting a coil, care should be exercised to insure 
that the minimum inductance value, including all the 
manufacturing tolerances, is never lower than the calcu- 
lated inductance. Otherwise, the peak current rating of 
LX2 may be exceeded. In addition, the current rating of 
the coil should be greater than the peak current used in 
the calculation (1.5A normally) to avoid saturating the 
core. 

If the worst case output current is too small, either the 
minimum input voltage must be increased or the maxi- 
mum input voltage should be decreased. It is always 
desireable to decrease the ratio between maximum and 



Table 1 . Operation with Common Batteries 



MAXIM PART # 


BATTERY 

TVPF 


BATTERY VOLTAGE 


OUTPUT 


COIL SPECIFICATIONS (L2) 


MIN 


MAX 


|lH* 


OHMS 


PART# 


MAX654 


1 NiCad 


1.15V 


1.35V 


5V 


43mA 


39 


0.05 


6860-08 


MAX654 


1 Alkaline 


1 2V 


1 55V 


5V 


43mA 


47 


0.05 


6860-09 


MAX654- 


1 Alkaline 


1.2V 


1.55V 


5V 


10mA 


120 


0.14 


6860-14 


MAX655 


2 NiCads 


2.3V 


2.7V 


5V 


64mA 


68 


0.07 


6860-11 


MAX655 


2 Alkalines 


2.4V 


3.1V 


5V 


62mA 


82 


0.07 


6860-12 


MAX655 


1 Lithium 


2.6V 


3.6V 


5V 


64mA 


100 


0.10 


6860-13 


MAX656" 


1 NiCad 


1 15V 


1.35V 


5V 


250mA 


12 


0.025 


6860-02 


MAX656" 


1 Alkaline 


1.2V 


1.55V 


5V 


275mA 


12 


0.01 


7200-02 


MAX657 


1 Alkaline 


1.2V 


1.55V 


3V 


60mA 


39 


0.05 


6860-08 



* Coils are from Caddell-Burns Co. NY (516) 746-2310. Inductance (|iH) is the MINIMUM allowed for the listed battery voltage range 
(Battery Voltage: MIN. MAX). Lower values are not recommended, except when using the MAX656/658 converters since they use an 
external MOSFET. If less current than listed in the Output column is needed, a higher inductance coil will reduce losses. The opti- 
mum inductance varies inversely with required output current if all other conditions are unchanged. For example, refer to line 3 and 
the 10mA output. 120nH supplies this current more efficiently than the 39uH coil of line 2. L2 may also be calculated using the equa- 
tions in the Inductor Selection Section. 

** These MAX656 circuits (see Figure 4) use an IRF541 as an external current switch. Peak switch current is typically 3.5A. 



minimum input voltages. The coil resistance also has a 
significant effect on the output current. So, selecting a 
coil with the lower resistance will increase the output 
current and increase the overall efficiency. 

If no satisfactory value of inductance can be found for the 
desired output current, the MAX656/58 may be used with 
an external FET whose current rating exceeds 1 .5A. The 
calculations are similiar for the MAX654, except the ex- 
ternal FET's Rdson and the current rating of the FET or 
coil (whichever is lower) should be substituted in the 
above equations. 

If the worst case output current is significantly higher than 
the required load current, a higher inductance value 
should be used. This will tend to reduce the peak current 
and ripple voltage, and tend to raise the overall efficiency. 
Be sure to adjust the coil resistance and recalculate all 
values when using another coil. 

When the maximum battery voltage exceeds 1 65V, the 
MAX655/58/59 should be used. Calculations are identi- 
cal to the MAX654 calculations, except different values 
must be used for the duty cycle and tON. 

In general, if a choice of batteries is available, higher 
input voltages are preferred for two reasons. First, as the 
input voltage approaches 1V, the load on the battery 
increases while the losses increase. The losses become 
so dominant that efficiency suffers, and little output cur- 
rent can be maintained. Second, certain losses, such as 
the coil resistance and the FET on resistance, are less 
significant with higher input voltages. This means higher 
efficiency and a greater range of input voltages are 
tolerable. This in turn means that more of the chemical 
energy can be converted into electricity. 



The inductance values for commonly encountered bat- 
tery-operated power supplies are tabulated in Table 1 . 

Capacitor Selection 

The high-current, fast rise-time pulses associated with 
switching power supplies demand good grounding and 
bypassing techniques. The MAX654/55/57/59 have 3 
ground pins to improve grounding. In addition, the inter- 
nal voltage reference is brought out for connection to an 
external 1 nF capacitor, minimizing noise and modulation 
of the reference. 

In order to minimize transients, the two output voltages, 
V+ and +5V, should be filtered with tantalum capacitors 
or other types of capacitors with low effective series 
resisitance. If aluminum electrolytic capacitors are 
used, they should be paralleled with 0.1|j.F disc ceramic 
capacitors. 

Rectifier Selection 

The MAX654-659 use one external rectifier. To achieve 
specified performance at low voltages, a Schottky type, 
such as the 1N5818, is recommended because it com- 
bines low forward voltage drop with fast switching speed. 
This maximizes power conversion efficiency and output 
current when the DC-DC converter is in high-power 
mode. One drawback of Schottky rectifiers is relatively 
high reverse leakage current (at 5V reverse, 1N5818 
leakage is typically 60uA at 25°C and 450nA at 75°C), 
which is quite large with respect to the circuit's quiescent 
current in standby mode (typical standby current 
MAX654/56/57: 80u.A, MAX655/58/59: 40jiA). If standby 
mode is not used or used only for short periods, reverse 
leakage is not a significant additional loss compared to 
the normal load current, and need not be considered. 
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If quiescent operating current is a primary concern, or if 
the MAX654-659 spends most of its time in standby 
mode, a silicon rectifier such as the 1N4933 or Unitrode 
UES1001 may be preferred. Silicon rectifiers have less 
reverse leakage current than do Schottky rectifiers 
(1N4933 leakage current is typically 1 u.A at 25°C and 
50|iA at 100°C). In circuits where the standby mode is 
the predominant mode of operation, battery life may be 
extended by trading conversion efficiency for lower 
standby quiescent current. 

Output Current 
vs. Input Voltage 



Figures 6 through 1 1 show output current versus input 
voltage using typical inductor values for each part in the 
MAX654-659 Family. Where curves end in the middle of 
the graphs, the peak current limit of the internal LX2 
switch has been reached. A higher input voltage than 
indicated by that line (for the given inductor) may damage 
the device. Figures 8 and 10 assume that an IRF541 
MOSFET is used (0.085S1 maximum on resistance). 

Dashed lines indicate regions where the LX2 current limit 
hasn't been exceeded, but the current rating of the 
selected coil (Caddell-Burns 6860 series) has. The ac- 
tual voltages where lines end or become dashed are 
indicated by arrows on the graphs. The output currents 
indicated by dashed lines can be achieved only with 
inductors of higher current rating than the indicated coil 
(such as Caddell-Burns 7200 series or a toriod, for exam- 
ple). The coils used in Figures 6, 7, 9, and 1 1 are as 
follows: 



33nH - 6860-07 
47nH - 6860-09 
100nH- 6860-13 
150nH- 6860-15 
220^H -6860-17 



Caddell-Burns 
(516) 746-2310 
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50 











y 47|aH 




33^H y* 


1.4V 




y 68(iH 
y 100|iH 
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Figure 6. MAX654, lour vs. V IN (Vout = SV) 
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Figure 7, MAX655. lour vs. Vi N (Vout = 5V) 
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Figure 8. MAX656. lour vs. V, N (Vout = 5V) 
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Figure 9. MAX657, lour vs. Vi N (Vout = 3V) 
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_ Ordering Information (continued) 




Figure 1 1. MAX659, lour l/S. Vm (Vouj = 3V) 

The coils used in Figures 8 and 10 are the Caddell-Burns 
7200 series inductors. 

The graphs in Figures 6-1 1 were calculated using worst 
case data, so individual circuits may supply more current 
than indicated. If the coils' current ratings are not ex- 
ceeded, smaller, lower-cost coils than those indicated 
may be used in low-current applications. Use the equa- 
tions in the text to calculate worst case peak coil/switch 
current to be sure that a particular coil's current rating is 
sufficient. 



PART 


TEMP. RANGE 


PIN-PACKAGE 


MAX656CPD 


0°C to +70°C 


14 


Plastic DIP 


MAX656CSD 


0°C to +70°C 


14 


Narrow SO 


MAX656C/D 


0°C to +70°C 




Dice 


MAX656EPD 


-40°C to +85°C 


14 


Plastic DIP 


MAX656ESD 


-40°C to +85°C 


14 


Narrow SO 


MAX656MJD 


-55°C to +125"C 


14 CERDIP 


MAX657CPD 


0°C to +70°C 


' 14 


Plastic DIP 


MAX657CSD 


0°C to +70°C 


14 


Narrow SO 


MAX657C/D 


0°C to +70°C 




Dice 


MAX657EPD 


-40°C to +85°C 


14 


Plastic DIP 


MAX657ESD 


-40°C to +85°C 


14 


Narrow SO 


MAX657MJD 


-55°Cto + 125°C 


14 


CERDIP 


MAX658CPD 


0°C to +70°C 


14 


Plastic DIP 


MAX658CSD 


0°C to +70°C 


14 


Narrow SO 


MAX658C/D 


0°C to +70°C 




Dice 


MAX658EPD 


-40°C to +85°C 


14 


Plastic DIP 


MAX658ESD 


-40°C to +85°C 


14 


Narrow SO 


MAX658MJD 


-55°Cto +125°C 


14 


CERDIP 


MAX659CPD 


C to +70 C 


14 


Plastic DIP 


MAX659CSD 


0°C to +70°C 


14 


Narrow SO 


MAX659C/D 


0"C to +70°C 




Dice 


MAX659EPD 


-40°C to +85°C 


14 


Plastic DIP 


MAX659ESD 


-40"C to +85°C 


14 


Narrow SO 


MAX659MJD 


-55°Cto +125"C 


14 


CERDIP 
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_ Chip Topography 



(Vcc) 

LX2 



(GND) 
Vcc 




Vref 



(2.08mm) 

Note: Labels in ( ) are for MAX656/MAX658 only 



Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied. 
Maxim reserves the right to change the circuitry and specifications without notice at any time. 
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General Description 

The MAX663/664/666 CMOS voltage regulators have 
a maximum quiescent current of 12juA. They can be 
used either as 5 volt, fixed output regulators with no 
additional components, or can be adjusted from 1.3V 
to 16V using two external resistors. Fixed or adjustable 
operation is automatically selected via the Vset input. 
The MAX66X series, ideally suited for battery powered 
systems, has an input voltage range of 2 to 16.5V, an 
output current capability of 40mA, and can operate 
with low input-output differentials. Other features 
include current limiting and low power shut down. 

The MAX663 positive regulator and MAX664 negative 
regulator are both pin and electrically compatible 
with the ICL7663 and ICL7664 and can plug-in 
replace these devices, improving performance and 
eliminating the need for external resistors in 5V 
applications. The MAX666 has a positive output and 
includes on-chip low-battery detection circuitry. 

Applications 



Handheld Instruments 
LCD Display Systems 
Pagers 

Remote Data Acquisition and Telemetry 
Radio Controlled Devices 
Long-life Battery Powered Systems 

Pin Configuration 



Top View 






SENSE [T 


• W 


3 VlN (P0S| 


V0UT2 E 


/H/IXI/H 


3 VTC 


vout! rr 


MAX663 


3 VSET 


GND n 




3 SHDN 


V0UT2 E 


• W 


3 GND 


SENSE E 




3 VoUTl 


SHDN LI 


MAX664 


3 Vset 


|NEG| Vin E 




3 SHDN 








SENSE E 




3 Vin IPOSi 


VOUT H 




3 LBO 


LBI rr 


MAX666 


3 vset 


GND H 




3 SHDN 









Features 

♦ Dual Mode Operation: Fixed +5V or Adjustable 
from +1.3V to +16V 

♦ Low Power CMOS: 12>iA Max Quiescent Current 

♦ 40mA Output Current, with Current Limiting 

+ Pin-Compatible Upgrade of ICL7663 
and ICL7664 

♦ +2V to +16.5V Operating Range 

♦ Low Battery Detector (MAX666) 

♦ No Output Over-Shoot on Power Up 

Ordering Information 



PART 


TEMP. RANGE 


PACKAGE 


MAX663C/D 


0°C to +70°C 


Dice 


MAX663CPA 


0°C to +70°C 


8 Lead Plastic DIP 


MAX663CSA 


0°C to +70°C 


8 Lead Small Outline 


MAX663EPA 


-40°C to +85°C 


8 Lead Plastic DIP 


MAX663ESA 


-40°C to +85°C 


8 Lead Small Outline 


MAX663EJA 


-40°C to +85°C 


8 Lead CERDIP 


MAX663MJA 


-55-C to + 125°C 


8 Lead CERDIP 


MAX664C/D 


0°C to +70°C 


Dice 


MAX664CPA 


0°C to +70°C 


8 Lead Plastic DIP 


MAX664CSA 


0°C to +70°C 


8 Lead Small Outline 


MAX663EPA 


-40°C to +85°C 


8 Lead Plastic DIP 


MAX664ESA 


-40°C to +85°C 


8 Lead Small Outline 


MAX664EJA 


-40°C to +85°C 


8 Lead CERDIP 


MAX664MJA 


-55°C to +125°C 


8 Lead CERDIP 


MAX666C/D 


0°C to +70°C 


Dice 


MAX666CPA 


0°C to +70°C 


8 Lead Plastic DIP 


MAX666CSA 


0°C to +70°C 


8 Lead Small Outline 


MAX666EPA 


-40"C to +85°C 


8 Lead Plastic DIP 


MAX666ESA 


-40°C to +85°C 


8 Lead Small Outline 


MAX666EJA 


-40°C to +85°C 


8 Lead CERDIP 


MAX666MJA 


-55°Cto+125°C 


8 Lead CERDIP 



Typical Operating Circuit 



H 

BATTERY 



r 



MAX663 



Vset 



y M x I /w 

Dual Mode is a trademark of Maxim Integrated Products. 
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ABSOLUTE MAXIMUM RATINGS 



MAX663 and MAX666 

Input Supply Voltage +18V 

Terminal Voltage 

Pins 1,3,5,6, MAX663 — Pin 7 
and MAX666 — Pin 2 GND -0.3V to V, N +0.3V 



MAX663 — Pin 2 GND -0.3V to V 



, +0.3V 



ALL DEVICES 

Power Dissipation 

Plastic DIP (Derate 8.3mW/°C above +50°C) 625mW 

Small Outline (Derate 6mW/°C above +50°C) 450mW 

CERDIP (Derate 8mW/°C above +50°C) 800mW 

Operating Temperature Range 

MAX66XC 0°C to +70°C 

MAX66XE -40°C to +85°C 

MAX66XM -55°Cto+125°C 

Storage Temperature -65°C to +150°C 

Lead Temperature (Soldering 10 seconds) +300°C 



MAX666 — Pin 7 GND -0.3V to +16.5V 

Output Source Current 

MAX663.666 — Pin 2 (V 0UT2 , V 0UT ) 50mA 

MAX663 - Pin 3 (V OUT1 ) 25mA 

Output Sink Current. Pin 7 -20mA 

MAX664 

Input Supply Voltage -18V 

Terminal Voltage 

Pins 1.3,5,6,7 V IN -0.3V to GND +0.3 V 

Pin 2 V, N -0.3V to V OUT , +0.3V 

Output Sink Current, (Pins 1.7) -25mA 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS, MAX663 AND MAX666 

(V IN = +9V, V 0UT = +5V, T. = +25°C, unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN TYP MAX 


UNITS 


Input Voltage 


V IN 


Over Temperature (C) 
Over Temperature (E, M) 


2.0 16.5 
2.2 


V 


Quiescent Current 


'o 


No Load, V IN = +16.5V 
T A = +25 °C 

Over Temperature (C) 
Over Temperature (E, M) 


6 12 
15 
20 


,,A 


Output Voltage 


VOUT 


V SET = GND 
Over Temperature (C. E) 
Over Temperature (M) 


4.75 5.0 5.25 
4.5 5.0 5.5 


V 


Line Regulation 


AV 0UT /AV IN 


+2V<V lN <+15V,V OUT = V REF 


0.03 0.35 


%/v 


Load Regulation 


AV out /AI out 


MAX663: 1mA< l OUT2 < 20mA 
MAX663: 50mA < l 0UT1 < 5mA 
MAX666: 1 mA £ l OUT < 20mA 


3.0 7.0 
1.0 5.0 
3.0 7.0 


n 


Reference Voltage 


VSET 


V OUT = V SET 


1.27 1.33 


V 


Reference Tempco. 


AV SET /AT 


Over Temperature 


±100 


ppm/°C 


V SET Internal Threshold for 
Fixed +5V or Adjustable Output 


V F ,A 


v set < v f/a for +5V Out 

V SET > V F/A for Adjustable Out 


50 


mV 


V SET Input Current 


'set 


Over Temperature (C. E) 
Over Temperature (M) 


±0.01 ±10 
±25 


nA 


Shutdown Input Voltage 


V SHDN 


v shdn Hl = Output Off 
V SHDN LO = Output On 


1.4 

0.3 


V 


Shutdown Input Current 


'SHDN 




±0.01 ±10 


nA 


SENSE Input Threshold 


VouT " V SENSE 


Current Limit Threshold 


0.5 


V 


SENSE Input Resistance 


R SENSE 




3 


Mi! 


Input-Output Saturation 
Resistance, MAX663 - V 0UT1 


R SAT 


V IN = +2V, l 0UT = 1mA 
Vin = + 9V Iout = 2mA 
V IN = +15V, l OUT = 5mA 


200 500 
70 150 
50 150 


n 


Output Current, V 0UT2 
(V OUT on MAX666) 


'out 


+3V < V| N < +16.5V 
V,n-V ut = + 1-5V 


40 


mA 


Minimum Load Current 


'l(MIN) 


T A = +25°C 

Over Temperature (C, E) 
Over Temperature (M) 


1.0 
5.0 
10.0 
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ELECTRICAL CHARACTERISTICS, MAX663 AND MAX666 (continued) 

(V, N = +9V, V OUT = +5V, T A = +25°C, unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


LBI Input Threshold 


v LBI 


MAX666 


1.21 


1.28 


1.37 


V 


LBI Input Current 


'lb 


MAX666 




±0.01 


±10 


nA 


LBO Output Saturation 
Resistance 


R SAT 


MAX666, l SAT = 2mA 




35 


100 


n 


LBO Output Leakage Current 




MAX666, LBI = + 1.4V 


10 


nA 


V xc Open-Circuit Voltage 
(Note 1) 


Vtc 


MAX663 


0.9 


V 


V TC Sink Current (Note 1) 


'tc 


MAX663 




8.0 


2.0 


mA 


V TC Temperature Coefficient 
(Note 1) 




MAX663 


+2.5 


mV/°C 



Note 1: This output (MAX663 only) has a positive temperature coefficient. Using it in conjunction with the input of the regulator at V SET , a 
negative coefficient results in the output voltage. The V TC pin will not source current. 



ELECTRICAL CHARACTERISTICS, MAX664 

(V, N « -9V, V OUT = -5V, T A = +25°C, unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Input Voltage 


V|N 


Over Temperature (C) 
Over Temperature (E, M) 


-2.0 
-2.2 




-16.5 


V 


Quiescent Current 


iQ 


No Load, V, N = -16.5V 
T A = +25 °C 

Over Temperature (C) 
Over Temperature (E, M) 




6 


12 
15 
20 


mA 


Output Voltage 


Vqut 


V SET = GND 
Over Temperature (C, E) 
Over Temperature (M) 


-4.75 
-4.5 


-5.0 
-5.0 


-5.25 
-5.5 


V 


Line Regulation 


-iV 0U T/-iV IN 


-2V<V, N <-15V, V 0UT = V REF 




0.03 


0.35 


%/v 


Load Regulation 


•^OUT^'OUT 


V 0UT2 connected to V OUT1 , 
1mA < l 0UT < 15mA 




2.0 


5.0 


n 


Reference Voltage 


V SET 


V OUT = V SET 


-1.27 




-1.33 


V 


Reference Tempco. 


AV SET /AT 


Over Temperature 


±100 


ppm/°C 


V SET Internal Threshold for 
Fixed -5V or Adjustable 
Output Operation 


V F /A 


V SET < V F/A for -5V Out, 
V SET > V F/A for Variable Out 


-50 


mV 


V SET Input Current 


'set 


Over Temperature (C, E) 
Over Temperature (M) 




±0.01 


±10 

±25 


nA 


Shutdown Input Voltage 


^SHDN 


v shdn Hl = Output Off 
V SHDN LO = Output On 


-1.4 




-0.3 




Shutdown Input Current 


'SHDN 






±0.01 


±10 


nA 


SENSE Input Threshold 


V OUT ~ V SENSE 


Current Limit Threshold 


-0.6 


V 


SENSE Input Resistance 


R SENSE 




3 


Mil 


Input-Output Saturation 
Resistance 


R SAT 


V OUT2 connected to V 0UT1 
V| N = -2V, l 0UT = -1mA 
V IN = -9V, l 0UT = -2mA 
V| N = -15V, l 0UT = -5mA 




150 
40 
30 


500 
80 
60 


n 


Minimum Load Current 


'limin) 


T A = +25 °C 

Over Temperature (C, E) 
Over Temperature (M) 


-1.0 
-5.0 
-10.0 


juA 
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Typical Operating Characteristics 



MAX663 V OUT1 
INPUT-OUTPUT DIFFERENTIAL 
vs. OUTPUT CURRENT 
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MAX663 V UT2, MAX666 VoUT 
INPUT-OUTPUT DIFFERENTIAL 
vs. OUTPUT CURRENT 
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MAX664 

INPUT-OUTPUT DIFFERENTIAL 
vs. OUTPUT CURRENT 
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QUIESCENT CURRENT QUIESCENT CURRENT INPUT POWER SUPPLY 

vs. INPUT VOLTAGE vs. TEMPERATURE REJECTION RATIO 




IVmllVI TEMPERATURE |°C| FREQUENCY |Hz| 



Pin Description 



NAME 


FUNCTION (See text for details) 


VoUT(1){2) 


Regulator Output(s) 


V,N 


Regulator Input 


SENSE 


Current limit sense input 


LBI 


Low battery detection input 


LBO 


Low battery detection output 


SHUTDOWN 


Disables output tor minimum power 
consumption 


V S ET 


Ground this pin for 5V output or 
Connect to external resistive divider for 
adjustable output 


Vtc 


Temperature-proportional voltage 
for negative TC output 




Figure 1. MAX663 Positive Regulator. Block Diagram 
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Figure 2. MAX664 Negative Regulator, Block Diagram 



Detailed Description 

As shown in the block diagrams for each device 
(Figures 1, 2, and 3), the main elements of the 
MAX66X family of regulators are a micropower 
bandgap reference, an error amplifier, and one or 
two series pass output devices. A P-channel FET 
and an NPN transistor are used on the MAX663, 
two N-channel FETs are used in the MAX664 , and 
one NPN output transistor is used in the MAX666. 
All regulators also contain two comparators, one 
for current limiting (C1) and another which selects 
fixed 5V or adjustable output operation (C2). 

The bandgap reference, which is trimmed to 1.30V 
±30mV, is internally connected to one input of the 
error amplifier, A1. The feedback signal from the 
regulator output is supplied to the A1's other input 
by either an on-chip voltage divider or by two 
external resistors. When V SET is grounded the 
internal divider provides the error amplifier's feed- 
back signal for a fixed 5V output. When V SET is 
more than 50mV above ground (below ground for 
the MAX664) the error amplifier's input is switched 
directly to the V SEX pin and external resistors set 
the output voltage. 

Comparator C1 monitors the output current via the 
SENSE input and shuts down the regulator's out- 
puts) by disabling A1. An external current sense 
resistor, R CL , sets the limit value. The MAX663 and 
MAX666 current-limit when the voltage on R CL 
exceeds 0.5V. The MAX664 current limits at 0.6V. 

The MAX663 has an additional amplifier, A2, which 
provides a temperature-proportional output, V TC . 
When this is summed into the inverting input of the 
error amplifier, a negative temperature coefficient 
results at the output. This is useful when powering 
liquid crystal displays over wide temperature 
ranges. 




Figure 3. MAX666 Positive Regulator With Low Battery Detector, 
Block Diagram 



The MAX666 has a third comparator, C3, which 
compares the LBI input to the internal 1.30V ref- 
erence. The Low Battery Output, LBO, is an open 
drain FET connected to Ground. The Low Battery 
threshold can also be set with a voltage divider at 
LBI. In addition, all devices also have a SHUT- 
DOWN input which disables the error amplifier 
and regulator output(s). 

Basic Circuit Operation 

Figure 4 shows the connections for fixed 5V output 
positive and negative regulators. The V SET input is 
grounded and no external resistors are required. 
Figure 5 shows adjustable output operation with 
current limiting. The output voltage is set by R1 
and R2 and the current limit threshold is set by 
r cl- v out should be connected to SENSE if current 
limiting is not used and the SHUTDOWN input 
should be grounded if not used. 

Output Voltage Selection 

If Vs E t is not connected to Ground, the output 
voltage is set by the equation: 

R1 + R2 

v OUT = V SET x — — , where V SET = 1.30V 

or, to simplify resistor selection: 

Vout 

R2 = R1 *&- 1 > 

Since the input bias current at V SET has a maxi- 
mum value of 10nA, relatively large values can be 
used for R1 and R2 with no loss of accuracy. 1MO 
is a typical value for R1. The tolerance on V SET is 
guaranteed to be less than ±30mV. This allows the 
output to be preset without trim pots, using only 
fixed resistors in most cases. 
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input 



SENSE 



VoilTZ 

MAX663 
MAX666 
GND Vset SHDN 



-6VT0-16V»- 
INPUT 



'I 6 J_ 



+5V 
OUTPUT 



«l« SENSE 


2 




VOUTI 


7 




1 




MAX664 Voutz 






GND Vset SHON 





-5V 
OUTPUT 



Figure 4. Connections lor Fixed 5V Output 



+2V TO +16V i 

INPUT 

< 0.3V = ON = 
> 1.4V = OFF 



Win SENSE 


1 




Voure 

SHON ✓HXIXIVH 

/VMX663 
MAX666 

Vset 

GND 


»CI J 

s 




4 Jr 


i 



Rl ->R2 
|V DUT | -1.30-j]— V 



-2VT0-16V »- 

INPUT 
-0.3V = ON 3.5 
-1.4V = OFF »- 



Vffl 


SENSE 




VOUTI 


SHON 


VflUTC 


> 






MAX664 


GND 


Vset 




-1.3T0-I5V 
OUTPUT 



F/gure 5. Connections for Adjustable Output 



Current Limiting 

Internal current limiting is activated on all MAX66X 
devices when the voltage difference between Vout 
and the SENSE input exceeds an internal threshold. 
The limit value is externally set by R CL using the 
equation: 



'CL ~ 



Vcl V CL = 0.5V for MAX663 and MAX666 



ICL 



V CL = -0.6V for MAX664 
(Vql = Vout - V S ense) 



where Rcl is the current limit sense resistor and 
Icl is tn e maximum current. R C l should be chosen 
so that neither the 50mA absolute maximum output 
current specification nor the maximum power dis- 
sipation is exceeded. 

If current limiting is used, remember that the addi- 
tional voltage drop across Rcl must be considered 
when determining the regulator's dropout voltage. 
If current limiting is not used, the SENSE input 
should be connected to the output(s). 

Shutdown Input 

The SHUTDOWN input allows the regulator to be 
turned off with a logic level signal. Since the current 
drain in shutdown mode is limited to the regulator's 
quiescent current (12/jA Max) this is sometimes 
desirable in applications where very low power 
consumption is needed. The SHUTDOWN input 



should be driven with a CMOS logic level since the 
input threshold is only 0.3V (-0.3V on the MAX664). 
In TTL systems, an open-collector driver with a 
pullup resistor will work with the MAX663/666 if a 
small collector current is used to keep the output's 
V SAT below 0.3V. Collector currents as low as VA 
are suitable since the SHUTDOWN pin's input 
current is less than 10nA. Note that the MAX664's 
SHUTDOWN input is activated by a negative level. 
On both positive and negative regulators the 
SHUTDOWN input should be grounded for normal 
operation. 

Low Battery Detection 

The MAX666 contains on-chip circuitry for low 
battery or low power supply detection. If the voltage 
at LBI (Low Battery Input, pin 3) falls below the 
regulator's internal reference (1.30V) then LBO 
(Low Battery Output, pin 7), an open drain output, 
goes low. The threshold can be set to any level 
above the reference voltage by connecting a resistive 
divider to LBI (Figure 6) based on the equation: 



R3 = R4 x (■ 



, v batt 
1.30V " 



D 



where V B att is the desired threshold of the Low 
Battery Detector and R3 and R4 are the LBI input 
divider resistors. Since LBI's input current is no 
more than 10nA, then R3 and R4 can have high 
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+2VT0+16V i 
INPUT 



< 0.3U = ON 
> 1.4V = OFF ' 



V W SENSE 

VrnjT 

L " MAX666 
SHON v isI 



2 

flCL 



GNC 



LEO 



+1.3T0+I5V 
' OUTPUT 



_ LOW BATTERY 
OUTPUT 



XT 



V L0B ATT-'-30V-^-V 



Figure 6. Adjustable Positive Output With Low Battery Detection 




V0UT=VSETI1 + |f) + -sfrVafT " VtcI 



R2 

TC 1/oht = --^3- ITC UtcI IN mV/°C 



WHERE V SET « 1.30V 
V TC - OSV 
TC V TC = >2.SmW°l 



Figure 7. Temperature-Proportional Output Equations, MAX663 



values to minimize loading. If, for example, V ut 
were 5V, then a 6V low-battery threshold could be 
set using 10MH for R3 and 2.7MH for R4. When 
megohm resistor values are used, special attention 
should be paid to PC board leakage which can 
introduce error at the LBI input. 

Temperature-Proportional Output 

The V TC output (MAX663 only) has a positive 
temperature coefficient of about +2.5mV7 c C. When 
connected to the summing junction of the error 
amplifier (V SET ) through a resistor, this positive 
coefficient" results in a controllable negative tem- 
perature coefficient at the output of the MAX663. 
At 25°C the voltage at the V TC output is typically 
0.9V. Figure 7 shows a simplified diagram of the 
MAX663 and the equations for setting both the 
output voltage and the tempco when Vjc is used. 
When not used, V T c should be left unconnected. 

Negative output temperature coefficients are most 
commonly used in multiplexed LCD modules or 
display systems to compensate for the inherent 
negative tempco of the LCD threshold. Figure 8 shows 
a MAX663 generating a temperature compensated 
Vpisp for the Maxim ICM7233 triplexed LCD display 
driver. 

Application Hints 

Input-Output (Dropout) Voltage 

A regulator's minimum input-output differential, or 
dropout voltage, determines the lowest usable input 
voltage. In battery powered systems this will determine 
the useful end-of-life battery voltage. The MAX663 
and MAX666 have a dropout voltage of 1V at full 
output. This means that as 5V regulators, for example, 
they will provide a regulated 5V output at 40mA as 
long as the input voltage is 6V or greater. 

For low current applications (lour * 5mA) the 
MAX663 can operate with input-output differentials 
below 1V when Vquti is used. The dropout voltage 
will then depend on the P-channel output FET's 
saturation resistance multiplied by the load current 
(see MAX663 Electrical Specifications, Rsat)- 



The MAX664 (negative output) uses two N-channel 
FETs as output devices so its dropout voltage is also 
a function of R S at times its load current (see 
Electrical Specifications). 

Output Connections 

When using Vquti on the MAX663 for low current, 
low dropout applications, VouT2 ar| d Vouti must be 
connected together since the current limit circuitry is 
referenced only to Vqut2 (Figure 1). Vqut2 does not 
supply load current in this configuration since the 
base of the NPN output transistor is shorted by the 
output connection. For high current operation V 0UT2 
should be used alone and Vquti should be left un- 
connected. Vquti is not provided on the MAX666. On 
the MAX664, Vquti an d V ut2 should always be 
connected together for proper operation and lowest 
dropout voltage. 
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MAX7233 



VoiSP 
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MUX'D LCD DISPLAY 



Figure 8. Driving a Multiplexed LCD Display. Consistent 

operation over more than 40° C temperature span, as 
opposed to about WC with fixed drive voltage, is 
allowed by negative temperature coefficient drive 
voltage to the displays. Based on EPSON LDB-728 
Display or equivalent. 
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Dual Mode 5V/ Programmable 
Micropower Voltage Regulators 
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F/gure ft Positive Regulator With Boosted Output, Current Limit, 
and Low l Shutdown 



Figure 10. Negative Regulator With Boosted Output and Low 
l Shutdown 



LOBATT @7V 



r 



V CAP* 

ICL7660 
DSC CAP- 

GND 



~ 100..F 



II 
2.0M1! 



0.047/j F 



L80 






SENSE 




"OUT 


M4X666 




LSI GND SHDN 


V S ET 



R2 
470k!) 



* 10/jF 



GND SHDN 


Vsn 




VlW'l 




VOUT! 


MAX664 






SENSE 




Chip Topography 
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figure 7 7. ±51/ Power Supply Using One 9V Battery 

Bypass Capacitors 

The MAX66X series of CMOS regulators is designed 
primarily for low quiescent current battery powered 
systems and has limited line and load regulation at 
frequencies above 10Hz. The high frequency perfor- 
mance is easily improved by adding an output filter 
capacitor across the load. 10>F is a good typical 
value. If high frequency performance is not an issue 
then an output bypass capacitor is not required. 

In battery powered systems an input capacitor helps 
to reduce noise, improve dynamic performance, and 
reduce the input rate-of-rise at the regulator's input. 
In extreme cases excessive voltage rate-of-rise at the 
inputs of CMOS devices can cause SCR latch-up. 
The low impedance of Ni-Cad and Lead-Acid batteries 
make this possible when they are switched directly to 
the regulator input with no current limiting resistance, 
inductance, or input filtering. The addition of a 0.1 /zF 
or greater input capacitor limits the input rate-of-rise 
to a safe level. 

Maxim cannot assume responsibility lor use ol any circuitry other than circuitry entirely embodied in a Maxim product- No circuit patent licenses are implied. 
Maxim reserves the right to change the circuitry and specilications without notice at any time. 
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(See Pin Conligurations (front page) lor pin functions) 
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+5V /Programmable Low-Dropout 

Voltage Regulator 



General Description 

The MAX667 low-dropout, positive-series linear regulator 
supplies up to 250mA of output current while maintaining 
a maximum quiescent current of 25|iA. At 100mA of 
output current, the input/output voltage differential is 
typically 0.3V. Other features include a low voltage 
detector to indicate power failure, as well as, early warn- 
ing and low-dropout detectors to indicate an immenent 
loss of output voltage regulation. A system shutdown 
control disables the output and puts the circuit into a low 
quiescent-current mode. 

The MAX667 has a dual mode of operation. In one mode, 
an output of 5V is available using the internally trimmed 
feedback resistors. The output may also be varied from 
1 ,3V to 15V by connecting 2 external resistors. 

The MAX667 is pin and electrically compatible with the 
MAX666. The MAX667 should be chosen when high 
output currents and/or low-dropout voltages are desired. 



Applications 



Battery-Powered Devices 
Pagers and Radio Control Receivers 
Portable Instruments 
Solar-Powered Instruments 



Features 



♦ 0.3V Typ Dropout at 100mA 

♦ 250mA Max Output Current 

♦ Normal Mode: 12|iA Quiescent Current 

♦ Shutdown Mode: 3liA Quiescent Current 

♦ Low Battery Detector 

♦ Fixed 5V (Min Component Count) or Variable 
Output 

♦ 3.5V to 16V Input 

♦ Dropout Detector Output 

Ordering Information 



PART 


TEMP. RANGE 


PIN-PACKAGE 


MAX667CPA 


0'C to +70"C 


8 Plastic DIP 


MAX667CSA 


ore to +70'c 


8 Narrow SO 


MAX667C/D 


CTC to +7CTC 


Dice 


MAX667EPA 


-40"C to +85"C 


8 Plastic DIP 


MAX667ESA 


-40*C to +85°C 


8 Narrow SO 


MAX667MJA 


-55'C to+125'C 


8CERDIP 



Typical Operating Circuit 



Pin Configuration 
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+5V to +10V Voltage Converters 



SPfCIHC»riO»S BASED ON EVALUA1I0N OF LMTED HUMBtS 0^ DEVICES 



General Description 

The MAX680/MAX681 are monolithic CMOS dual 
charge pump voltage converters that provide +10V 
outputs from a +5V input voltage. The MAX680/MAX681 
provide both a positive stepup charge pump to develop 
+10V from +5V input and an inverting charge pump to 
generate the -10V output. Both parts have an on-chip 
8kHz oscillator. The MAX681 has the capacitors internal 
to the package, and the MAX680 requires 4 external 
capacitors to produce both positive and negative 
voltages from a single supply. 

The output source impedances are typically 150fl, 
providing useful output currents up to 10mA. The 
low quiescent current and high efficiency make this 
device suitable for a variety of applications that need 
both positive and negative voltages generated from a 
single supply. 

Applications 

The MAX680/MAX681 can be used wherever a single 
positive supply is available and positive and negative 
voltages are required. Common applications include 
the generation of +6V from a 3V battery and generation 
of +10V from the standard +5V logic supply for use with 
analog circuitry. Typical applications include: 

±10V from +5V Logic Supply 
±6V from a 3V Lithium Cell 
Handheld Instruments 
Battery Operated Equipment 
Data Acquisition Systems 
Panel Meters 

Operational Amplifier Power Supplies 



Pin Configurations 



Top View 
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♦ 95% Voltage Conversion Efficiency 
4 85% Power Conversion Efficiency 

♦ Wide Voltage Range: +2.0V to +6.0V 

♦ Only 4 External Capacitors Required — 
MAX680 

+ No Capacitors Required — MAX681 

♦ 50CVA Supply Current 

♦ Monolithic CMOS Design 



Features 



Ordering Information 



PART 


TEMP. RANGE 


PIN-PACKAGE 


MAX680CPA 


0°C to +70° C 


8 Plastic DIP 


MAX680CSA 


0°C to +70° C 


8 Narrow SO 


MAX680C/D 


0°Cto +70° C 


Dice 


MAX680EPA 


-40°Cto +85° C 


8 Plastic DIP 


MAX680ESA 


-40°Cto +85° C 


8 Narrow SO 


MAX680EJA 


-40°Cto +85° C 


8CERDIP 


MAX680MJA 


-55°Cto +125°C 


8CERDIP 


MAX681CPD 


0°Cto +70° C 


14 Plastic DIP 


MAX681BCPD 


0°Cto +70° C 


14 Plastic DIP 


MAX681EPD 


-40°Cto +85° C 


14 Plastic DIP 



Typical Operating Circuit 
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+5V to +10V Converter 
MAX681 ONLY 4 PINS REQUIRED 
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+5V to ±10V Voltage Converters 



ABSOLUTE MAXIMUM RATINGS 

v C c +6 2V 

V+ +12V 

V- -12V 

V- Short-Circuit Duration Continuous 

V+ Current 75mA 

V cc dV/dT 1V///S 



Power Dissipation 

Plastic DIP (derate 8.33mW/°C above +50°C) 625mW 

Small Outline (derate 6mW/°C above +50° C) 450mW 

CERDIP (derate 8mW/°C above +50°C) 800mW 

Storage Temperature -65°C to +160°C 

Lead Temperature (Soldering, 10 sec.) +300°C 



Stresses beyond "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and tunctional operation ol the 
device at these or any other conditions beyond those indicated in the operational sections olthe specilications is not implied. Exposure to absolute maximum 
rating conditions lor extended periods may atlect device reliability. 



ELECTRICAL CHARACTERISTICS 

(V C c = + 5V, T A = +25°C, test circuit Figure 1, unless otherwise noted.) 



PARAMETER 


CONDITIONS 


MAX680/MAX681 


MAX681B 


UNITS 


MIN TYP MAX 


MIN TYP MAX 


Supply Current 


V CC = 3V, Ta = +25°C, R L = °° 

Vcc = 5V, T A = +25°C, R L = °o 

Vcc = 5V, 0°C < T A < +70°C, R L • » 

Vcc * 5V, -40° C < Ta < +85° C, Rl » » 

Vcc = 5V, -55°C < T A < +125°C, Rl = « 


0.5 1 

1 2 
2.5 
3 
3 


0.5 1 
1 2 
25 


mA 


Supply Voltage Range 


MIN. <T A <MAX.,R L = 10kO 


2.0 1.5 to 6.0 6.0 


2.0 1.5 to 6.0 6.0 


V 


Positive Charge 
Pump Output 
Source Resistance 


ll + « 10mA, l L - = 0mA, V C c = 5V, T A = +25° C 
Il+ = 5mA, l L - = 0mA, V C c = 2.8V, T A = +25°C 
l L + = 10mA, l L - = 0mA, V C c = 5V 

<, C<Ta<+70"C 

-40°C<T A <+85°C 

-55°C<T A <+125°C 


150 250 
180 300 

325 
350 
400 


150 250 
180 300 

380 600 


O 


Negative Charge 
Pump Output 
Source Resistance 


l L - = 10mA, l L + = 0mA, V+ = 10V, T A = +25° C 
It- r 5mA. I L + = 0mA, V+ = 5.6V, T A = +25° C 
l L - = 10mA, l L + = 0mA, V+ = 10V 

0°C<Ta<+70°C 

-40°C<T A <+85°C 

-K*C<Ta£+12S*C 


90 150 
110 175 

200 
200 
250 


175 300 
180 325 

300 500 


Oscillator Frequency 




4 8 


4 8 


kHz 


Power Efficiency 


R l = 10kO 


85 


85 


% 


Voltage Conversion 
Efficiency 


V+, R L = « 
V-, R L = * 


95 99 
90 97 


95 99 
90 97 



"typical Operating Characteristics 




+5V to +10V Voltage Converters 

Typical Operating Characteristics 




Detailed Description 

All circuitry needed to implement a dual charge pump 
is contained in the MAX681. Only four capacitors are 
needed on the MAX680. These may be inexpensive 
electrolytic capacitors with values in the range of 
to 100,uF. The MAX681B contains 1/yF capacitor and 
exhibits somewhat more output ripple than the 
MAX681. See Typical Operating Characteristics. 

Figure 2A illustrates the idealized operation of the 
positive voltage converter. The on-chip oscillator 
generates a 50% duty cycle clock signal. During the 
first half of the cycle, switches S2 and S4 are open, 
switches S1 and S3 are closed, and the capacitor C1 
is charged to the input voltage Vqc- During the 
second half cycle, switches S1 and S3 are open, S2 
and S4 are closed, and the capacitor C1 is translated 
upward by Vcc volts. Assuming ideal switches and 
no load on C3, charge is transferred onto C3 from 
C1 such that the voltage on C3 will be 2Vcc. gene- 
rating the positive supply. 

Figure 2B illustrates the negative converter. The 
switches of the negative converter are out of phase 
from the positive converter. During the second half 
of the clock cycle, S6 and S8 are open, S5 and S7 
are closed, thus charging C2 from V+ (pumped up to 



4.7»F 



If 



T 



MAX680 



j UH 



Figure 1. Test Circuit 

2Vcc by the positive charge pump) to GND. In the 
first half of the clock cycle, S5 and S7 are open, S6 
and S8 are closed, and the charge on C2 is trans- 
ferred to C4, generating the negative supply. The 
eight switches are CMOS power MOSFETs. Switches 
S1, S2, S4 and S5 are P-channel devices while 
switches S3, S6, S7, and S8 are N-channel devices. 
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+5V to +10V Voltage Converters 



Figure 2A. Positive Charge Pump 



Figure 2B. Negative Charge Pump 




Figure 2. Idealized Voltage Quadrupler 



Efficiency Considerations 

Theoretically a charge pump voltage multiplier can 
approach 100% efficiency under the following condi- 
tions: 

• The charge pump switches have virtually no offset 
and extremely low on resistance 

• Minimal power is consumed by the drive circuitry 

• The impedances of the reservoir and pump capaci- 
tors are negligible 

For the MAX680/681, the energy loss per clock cycle 
is the sum of the energy loss in the positive and 
negative converters as below: 

Lossjot = Losspos + Lossneg 



- Applications 



y 2 c 2 [(V+)2 . 



2 (V+)(V CC )] + 
(V-)2] 



There will be a substantial voltage difference between 
(V+ - Vqc) and Vqc for the positive pump and 
between V+ and V- if the impedances of the pump 
capacitors C1 and C2 are high with respect to their 
respective output loads. 

Larger values of reservoir capacitors C3 and C4 will 
reduce output ripple. Larger values of both pump 
and reservoir capacitors improve the efficiency. 

Maximum Operating Limits 



The MAX680/MAX681 have on-chip zener diodes 
that clamp V C c to approximately 6.2V, V+ to 12.4V, 
and V- to -12.4V. Never exceed the maximum supply 
voltage or excessive current may be shunted by these 
diodes, potentially damaging the chip. The MAX680/ 
MAX681 will operate over the entire operating tem- 
perature range with an input voltage of 2V to 6V. 



Positive and Negative Converter 

The most common application of the MAX680/ 
MAX681 is as a dual charge pump voltage converter 
which provides positive and negative outputs of two 
times a positive input voltage. For applications 
where PC board space is at a premium, the MAX681 
with its capacitors internal to the package offers the 
smallest footprint. The simple circuit of Figure 3 
performs the same function using the MAX680 and 
external capacitors, C1 and C3 for the positive pump 
and C2 and C4 for the negative pump. In most 
applications, all four capacitors are low-cost 10/uF or 
22//F polarized electrolytics. When using the MAX680 
for low current applications, 1/yF may be used for C1 
and C2 charge pump capacitors, and 4.7//F for the 
reservoir capacitors C3 and C4. Capacitors C1 and 
C3 must be rated at 6V or greater, and capacitors C2 
and C4 must be rated at 12V or greater. 




Figure 3. Positive and Negative Converter 
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+5V to +10V Voltage Converters 
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F/gure 4. Paralleling MAX680s For Lower Source Resistance 



The MAX680/MAX681 are NOT voltage regulators: 
the output source resistance of either charge pump 
is approximately 150O at room temperature with Vcc 
at 5V. This means that with an input Vcc of 5V, under 
light load V+ will approach +10V and V- will be at 
-10V, but BOTH V+ and V- will droop towards GND 
as the current drawn from EITHER V+ or V- increases 
since the negative converter draws its power from 
the output of the positive converter. To predict the 
output voltages, treat the chips as two separate 
converters and analyze them separately. First, the 
droop of the negative supply (Vdrop-) equals the 
current drawn from V- - (l L -) times the source 
resistance of the negative converter (RS-): 

Vdrop- = II- x RS- 



Likewise, the droop of the positive supply (V DRO p+) 
equals the current drawn from the positive supply 
(Il+) times the source resistance of the positive con- 
verter (RS+), except that the current drawn from the 
positive supply is the sum of the current drawn by 
the load on the positive supply (l L +) plus the current 
drawn by the negative converter (l L -): 

(V D rop+) = Il+ x RS+ = (l L + + l L -) x RS+ 

The positive output voltage will be: 

V+ = 2V CC - V DRO p+ 

The negative output voltage will be: 

V- = (V+ - V DRO p) = -(2V C c - V D r p+ - V DRO p-) 



The positive and negative charge pumps are tested 
and specified separately to provide the separate 
values of output source resistance for use in the 
above formulas. When the positive charge pump is 
tested, the negative charge pump is unloaded. 
When the negative charge pump is tested, the positive 
supply V+ is from an external source, isolating the 
negative charge pump. 

The ripple voltage on either output can be calculated 
by noting that the current drawn from the output is 
supplied by the reservoir capacitor alone during one 
half cycle of the clock. This results in a ripple of: 

Vrirple = V6IOUT (1/fpuMp) (VCR) 

For the nominal fpuMP of 8kHz with 10/xF reservoir 
capacitors, the ripple will be 30mV with Iout at 5mA. 
Remember that in most applications, the Iout of the 
positive charge pump is the load current PLUS the 
current taken by the negative charge pump. 

Paralleling Devices 

Paralleling multiple MAX680/MAX681s reduces the 
output resistance of both the positive and negative 
converters. The effective output resistance is the 
output resistance of a single device divided by the 
number of devices. As illustrated in Figure 4, each 
MAX680 requires separate pump capacitors C1 and 
C2, but all can share a single set of reservoir 
capacitors. 

±SV Regulated Supplies From 
A Single 3V Battery 

Figure 5 shows a complete +5V power supply using 
one 3V battery. The MAX680/MAX681 provide +6V at 
V+, which is regulated to +5V by the MAX666, and 
-6V, which is regulated to -5V by the MAX664. The 



+5V to +10V Voltage Converters 
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Figure 5. Regulated +5V and -5V From a Single Battery 

MAX666 and MAX664 are pre-trimmed at wafer sort 
and require no external setting resistors, minimizing 
parts count. The combined quiescent current of the 
MAX680/M AX681 , MAX663, and MAX664 is less than 
500//A, while the output current capability is 5mA. 
The input to the MAX680/MAX681 can vary from 3V 
to 6V without affecting regulation appreciably. With 
higher input voltage, more current can be drawn 
from the outputs of the MAX680/MAX681. With 5V at 

Chip Topography 



Vqc. 10mA can be drawn from both regulated 
outputs simultaneously. Assuming 150Q source 
resistance for both converters, with (l|_+ + = 
20mA, the positive charge pump will droop 3V, 
providing +7V for the negative charge pump. The 
negative charge pump will droop another 1.5V due to 
its 10mA load, leaving -5.5V at V- sufficient to 
maintain regulation for the MAX664 at this current. 



MAX680 ONLY 




Note: Connect substrate to V+. 



Maxim cannot assume responsibility lor use ol any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied. 
Maxim reserves the right to change the circuitry and specifications without notice at any time. 
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General Description 

The MAX690 Family of supervisory circuits reduce the 
complexity and number of components required for 
power supply monitoring and battery control functions in 
microprocessor systems. These include fjP reset and 
backup-battery switchover, watchdog timer, CMOS 
RAM write protection, and power-failure warning. The 
MAX690 Family significantly improves system reliability 
and accuracy compared to that obtainable with separate 
ICs or discrete components. 

The MAX690, MAX692 and MAX694 are supplied in 
8-pin packages and provide four functions: 

1) A Reset output during power-up, power-down and 
brownout conditions. 

2) Battery backup switching for CMOS RAM, CMOS 
microprocessor or other low power logic. 

3) A Reset pulse if the optional watchdog timer has not 
been toggled within a specified time. 

4) A 1 .3V threshold detector for power fail warning, low 
battery detection, or to monitor a power supply other 
than +5V. 

The MAX691, MAX693 and MAX695 are supplied in 
16-pin packages and perform all MAX690/692/694 
functions, plus: 

1) Write protection of CMOS RAM or EEPROM. 

2) Adjustable reset and watchdog timeout periods. 

3) Separate outputs for indicating a watchdog timeout, 
backup-battery switchover, and low Vcc- 

Applications 

Computers 
Controllers 

Intelligent Instruments 
Automotive Systems 
Critical fiP Power Monitoring 



Pin Configuration 



Top View 
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Microprocessor 
Supervisory Circuits 

Features 

♦ Precision Voltage Monitor 

4.65V in MAX690, MAX691, MAX694 and MAX695 
4.40V in MAX692 and MAX693 

♦ Power OK/Reset Time Delay - 50, 200ms, or 
adjustable 

♦ Watchdog Timer - 100ms, 1.6 sec, or 
adjustable 

♦ Minimum Component Count 

♦ 1pA Standby Current 

♦ Battery Backup Power Switching 

♦ Onboard Gating of Chip Enable Signals 

♦ Voltage Monitor for Power Fail or Low Battery 
Warning 

Ordering Information 



PART 


TEMP. RANGE 


PACKAGE 


MAX690CPA 


0'C to +70°C 


8 Lead Plastic DIP 


MAX690EPA 


-40"Cto + 85°C 


8 Lead Plastic DIP 


MAX690EJA 


-40"Cto +85"C 


8 Lead CERDIP 


MAX690MJA 


-55°Cto +125*C 


8 Lead CERDIP 


MAX691C/D 


O'Cto +70'C 


Dice 


MAX691CPE 


0"Cto +70°C 


16 Lead Plastic DIP 


MAX691CWE 


0-Cto +70°C 


16 Lead Wide SO 


MAX691EPE 


-40'Cto +85°C 


16 Lead Plastic DIP 


MAX691EJE 


-40°C to +85°C 


16 Lead CERDIP 


MAX691 EWE 


-40°CtO +85-C 


16 Lead Wide SO 


MAX691MJE 


-55"Cto +125*C 


16 Lead CERDIP 



(Ordering information is continued on last page.) 

Typical Operating Circuit 
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MAX690 Typical Application 
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Microprocessor 
Supervisory Circuits 

ABSOLUTE MAXIMUM RATINGS 

Terminal Voltage (with respect to GND) 

V cc -0.3V to 6.0V 

Vbatt -0.3V to 6.0V 

All Other Inputs (Note 1) . . -0.3V to (Vout +0.5V) 
Input Current 

Vcc 200mA 

Vbatt 50mA 

GND 20mA 

Output Current 

Vout short circuit protected 

All Other Outputs 20mA 

Rate-of-Rise, Vbatt, Vcc lOOV/^s 

Operating Temperature Range 

C suffix 0°C to +70°C 

E suffix -40°C to +85°C 

M suffix -55°Cto +125X 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are 
operation of the device at these or any other conditions above those indicated in the operational sections of the — 
absolute maximum ratings conditions for extended periods may affect device reliability. 



Power Dissipation 
8 Pin Plastic DIP 

(Derate 5mW/°C above +70"C) 400mW 

8 Pin CERDIP 

(Derate 8mW/°C above +85°C) 500mW 

16 Pin Plastic DIP 

(Derate 7mW/°C above +70°C) 600mW 

16 Pin Small Outline 

(Derate 7mW/°C above +70°C) 600mW 

16 Pin CERDIP 

(Derate lOmW/'C above +85°C) 600mW 

Storage Temperature Range — 65°C to +160°C 

Lead Temperature (Soldering, 10 seconds) — 300° C 



stress ratings only, and functional 
is not implied. Exposure to 



ELECTRICAL CHARACTERISTICS 

(Vcc = full operating range, V BA tt = 2.8V, T A = 25°C, unless otherwise noted.) 



PARAMETER 


CONDITIONS 


MIN TYP MAX 


UNITS 


BATTERY BACKUP SWITCHING 


Operating Voltage Range 
MAX690, MAX691, MAX694, MAX695 V cc 
MAX690, MAX691, MAX694, MAX695 V BAT t 
MAX692, MAX693 Vcc 
MAX692, MAX693 V BATT 




4.75 5.5 
2.0 4.25 
4.5 5.5 
2.0 4.0 


V 


Vout Output Voltage 


Iout = 1mA 
Iout = 50mA 


Vcc-0.3 Vcc-0.1 
Vcc-0.5 Vcc-0.25 


V 


Vout in Battery Backup Mode 


Iout = 250/jA, V cc < V ba tt-0.2V 


Vbatt-0.1 Vbatt-0.02 


V 


Supply Current (excludes Iout) 


Iout = 1mA 
Iout = 50mA 


2 5 
3.5 10 


mA 


Supply Current in Battery Backup Mode 


Vcc = OV, V BA tt = 2.8V 


0.6 1 


<«A 


Battery Standby Current 

(+ = Discharge, - = Charge) 


5.5V > V cc > V BAT t+1V 
T A = 25°C 

T A = Full Operating Range 


-0.1 +0.02 
-1.0 +0.02 


//A 


Battery Switchover Threshold 
Vcc — Vbatt 


Power Up 
Power Down 


70 
50 


mV 


Battery Switchover Hysteresis 




20 


mV 


BATT ON Output Voltage 


Isink = 3.2mA 


0.4 


V 


BATT ON Output Short 
Circuit Current 


BATT ON = Vout = 4.5V Sink Current 
BATT ON = OV Source Current 


25 

0.5 1 25 


mA 
A<A 


RESET AND WATCHDOG TIMER 


Reset Voltage Threshold 


T A = Full Operating Range 

MAX690, MAX691, MAX694, MAX695 
MAX692, MAX693 


4.5 4.65 4.75 
4.25 4.4 4.5 


V 
V 



Note 1: The input voltage limits on PFI and WDI may be exceeded provided the input current is limited to less than 10mA. 
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ELECTRICAL CHARACTERISTICS (continued) 

(Vcc = full operating range, Vbatt — 2.8V, Ta — 25°C, unless otherwise noted.) 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Reset Threshold Hysteresis 




40 


mV 


Reset Timeout Delay (MAX690/91 /92/93) 


Figure 6. OSC SEL HIGH, Vcc = 5V 


35 


50 


70 


ms 


Reset Timeout Delay (MAX694/95) 


Figure 6. OSC SEL HIGH, Vcc = 5V 


140 


200 


280 


ms 


Watchdog Timeout Period, Internal Oscillator 


Long Period, V C c = 5V 
Short Period, V cc = 5V 


1.0 
70 


1.6 
100 


2.25 
140 


sec 
ms 


Watchdog Timeout Period, External Clock 


Long Period 
Short Period 


3840 
768 




4097 
1025 


Clock 
Cycles 


Minimum WDI Input Pulse Width 


V| L = 0.4, V| H = 0.8V CC 


200 


ns 


RESET and LOW LINE Output Voltage 


Isink = 1.6mA, V cc = 4.25V 

'SOURCE = 1y"A, V C C = 5V 


3.5 




0.4 


V 


RESET and WDO Output Voltage 


Isink = 1.6mA 

Isource = VA. Vcc = 5V 


3.5 




0.4 


V 


Output Short Circuit Current 


RESET, RESET, WDO, LOW LINE 


1 


3 


25 




WDI Input Threshold 
Logic Low 
Logic High 


V cc = 5V (Note 2) 


3.5 




0.8 


V 


WDI Input current 


WDI = Vout 
WDI = 0V 


-50 


20 
-15 


50 


pA 


POWER FAIL DETECTOR 


PFI Input Threshold 


Vcc = +5V,T A = Full 


1.2 


1.3 


1.4 


V 


PFI Input Current 






±0.01 


±25 


nA 


PFO Output Voltage 


Isink = 3.2mA 
Isource = 1/xA 


3.5 




0.4 


V 
V 


PFO Short Circuit Source Current 


PFI = OV, PFO = 0V 


1 


3 


25 




CHIP ENABLE GATING 


CE IN Thresholds 


VlL 
V,H 


3.0 




0.8 


V 


CE IN Pullup Current 




3 


MA 


CE OUT Output Voltage 


Isink = 3.2mA 
'source = 3.0mA 
Isource = VA, V cc = 0V 


Vout- 1.5 
Vqut-0.05 




0.4 


V 


CE Propagation Delay 


V cc = 5V 




50 


200 


ns 


OSCILLATOR 


OSC IN Input Current 




±2 




OSC SEL Input Pullup Current 




5 




OSC IN Frequency Range 


OSC SEL = 0V 







250 


kHz 


OSC IN Frequency 
with External Capacitor 


OSC SEL = 0V 
Cose = 47pF 


4 


kHz 



Note 1: The input voltage limits on PFI and WDI may be exceeded provided the input current is limited to less than 10mA. 
Note 2: WDI is guaranteed to be in the mid-level (inactive) state if WDI is floating and V C c is in the operating voltage range. WDI is internally biased 
to 38% of V C c with an impedance of approximately 125 kilohms. 
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Pin Description 



NAME 


PIN 


FUNCTION 


MAX690/ 
692/694 


MAX691/ 
693/695 


Vcc 


2 


3 


The +5V input. 


Vbatt 


3 


■j 


Backup battery input. Connect to Ground if a backup battery is not used. 




1 


2 


The higher of Vcc or Vbatt is internally switched to Vout- Connect Vout to Vcc if 
Vout and Vbatt are not used. 


GND 


3 


4 


0V Ground reference for all signals. 


RESET 


7 


15 


RESET goes low whenever Vcc falls below either the reset voltage threshold or 
the Vbatt input voltage. The reset threshold is typically 4.65V for the MAX6907 
691/694/695, and 4.4V for the MAX692 and MAX693. RESET remains low for 
50ms after V C c returns to 5V, (except 200ms in MAX694/695). RESET also goes 
low for 50ms if the Watchdog Timer is enabled but not serviced within its timeout 
period. The RESET pulse width can be adjusted as shown in Table 1. 


WDI 


6 


11 


The watchdog input, WDI, is a three level input. If WDI remains either high or 
low for longer than the watchdog timeout period, RESET pulses low and WDO 
goes low. The Watchdog Timer is disabled when WDI is left floating or is driven 
to mid-supply. The timer resets with each transition at the Watchdog Timer 
Input. 


PFI 


4 


9 


PFI is the non-inverting input to the Power Fail Comparator. When PFI is less 
than 1 3V PFO ooes low Connect PFI to GND or Vnnr whpn not u^eri Spp 
Figure 1. 


PFO 


5 


10 


PFO is the output of the Power Fail Comparator. It goes low when PFI is less than 
1.3V. The comparator is turned off and PFO goes low when Vcc is below Vbatt- 


CE IN 




13 


The input to the CE gating circuit. Connect to GND or V ut if not used. 


CE OUT 


- 


12 


CE OUT goes low only when CE IN is low and Vcc is above the reset threshold 
(4.65V for MAX691 and MAX695, 4.4V for MAX693). See Figure 6. 


BATT ON 




5 


BATT ON goes high when Vout is internally switched to the Vbatt input. It goes 
low when V ut is internally switched to Vcc- The output typically sinks 25mA 
and can directly drive the base of an external PNP transistor to increase the 
output current above the 50mA rating of Vout. 


LOW LINE 


1 


6 


LOW LINE goes low when Vcc falls below the reset threshold. It returns high as 
soon as Vcc rises above the reset threshold. See Figure 6, Reset Timing. 


RESET 




16 


RESET is an active high output. It is the inverse of RESET. 


OSC SEL 




8 


When OSC SEL is unconnected or driven high, the internal oscillator sets the 
reset time delay and watchdog timeout period. When OSC SEL is low, the 
external oscillator input, OSC IN, is enabled. OSC SEL has a 3/jA internal 
pullup. See Table 1. 


OSC IN 




7 


When OSC SEL is low, OSC IN can be driven by an external clock to adjust 
both the reset delay and the watchdog timeout period. The timing can also be 
adjusted by connecting an external capacitor to this pin. See Figure 8. When 
OSC SEL is high or floating, OSC IN selects between fast and slow Watchdog 
timeout periods. 


WDO 




14 


The Watchdog Output, WDO, goes low if WDI remains either high or low for 
longer than the Watchdog timeout period. WDO is set high by the next 
transition at WDI. If WDI is unconnected or at mid-supply, WDO remains high. 
WDO also goes high when LOW LINE goes low. 
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MAX 691, MAX 69 3 and MAX695 

A typical connection for the MAX691/693/695 is shown 
in Figure 1. CMOS RAM is powered from V oux . V 0UT is 
internally connected to V cc when 5V power is present, 
or to V BATT when V cc is less than the battery voltage. 
v out can supply 50mA from Vpc, but if more current 
is required, an external PNP transistor can be 
added. When V cc is higher than V BATT , the BATT ON 
output goes low, providing 25mA of base drive for the 
external transistor. When V cc is lower than V BATT , an 
internal 2000 MOSFET connects the backup battery to 
Vout- Tne quiescent current in the battery backup 
mode is 1//A maximum when V cc is between 0V and 
V BATT -700mV. 

Reset Output 

A volta ge detector monitors V C c and ge nerate s a 
RESET output to hold the microprocessor's Reset line 
low when Vcc is below 4. 65V (4.4 V for MAX693). An 
internal monostable holds RESET low for 50ms* after 
Vcc rises above 4.6 5V (4.4V for MAX693). This prevents 
repeated toggling of RESET even if the 5V power drops 
out and recovers with each power line cycle. 

The crystal oscillator normally used to generate the 
clock for microprocessors takes several milliseconds to 
start. Since most microp rocessors need several clock 
cycles to reset, RESET must be held low until the 
microprocessor clock oscillator has started. The 

•200ms for MAX695 
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MAX690 Family power-up RESET pulse lasts 50ms* to 
allow for this oscillator start-up time. The manual reset 
switch and the 0.1/zF capacitor connected to the reset 
bus can be omitted if manual reset is not needed. An 
inverted, active high, RESET output is also supplied. 

Power Fail Detector 

The MAX691/93/95 issues a non-maskable interrupt 
(NMI) to the microprocessor when a power failure 
occurs. The +5V power line is monitored via two 
external resistors connected to the Power Fail Input 
(PFI). When the vo ltage at PFI falls below 1.3V, the 
Power Fail Output (PFO) drives the processor's NMI 
input low. If a Power Fail threshold of 4.8V is chosen, the 
microprocessor will have the time when Vcc fails from 
4.8V to 4.65V to save data into RAM. An earlier power 
fail warning can be generated if the unregulated DC 
input of the 5V regulator is available for monitoring. 

RAM Write Protection 



The MAX691/93/95 CE OIJI line drives thg_Chip Select 
inputs of the CMOS RAM. CE OUT follows CE IN as long 
as Vcc is above the 4.65V (4.4V for MAX693_)_reset 
threshold. If V C c falls below the reset threshold CE OUT 
goes high, independent of the logic level at CE IN. This 
prevents the microprocessor from writing erroneous 
data into RAM during power-up, power-down, 
brownouts, and momentary power interruptions. The 
LOW LINE output goes low when Vcc falls below 4.65V 
(4.4V for MAX693). 
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Figure t. MAX691/693/69S Typical Application 
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Watchdog Timer 

The microprocessor drives the WATCHDOG INPUT 
(WDI) with an I/O line. When OSC IN and OSC SEL are 
unconnected, the microprocessor must toggle the WDI 
pin once every 1.6 seconds to verify proper software 
execution. If a hardware or software failure occurs such 
that WD I not toggled, the MAX691 /93 will issue a 50ms* 
RESET pulse after 1.6 seconds. This typically restarts 
the microprocessor's power-up routine. A new RESET 
pulse is issued every 1.6 seconds until WDI is again 
strobed. 

The WATCHDOG OUTPUT (WDO) goes low if the 
watch dog tim er is not serviced within its timeout period. 
Once WDO goes low it remains low until a transition 
occurs at WDI. The watchdog timer feature can be 
disabled by leaving WDI unconnected. OSC IN and OSC 
SEL also allow other watchdog timing options, as shown 
in Table 1 and Figure 8. 

MAX690, MAX692 and MAX694 

The 8 pin MAX690, MAX692 and MAX694 have most of 
the features of the MAX691, MAX693 and MAX695. 

'200ms for MAX695 



Figure 2 shows the MAX690/692/694 in a typical 
application. Operation is much the same as with the 
MAX691/693/695 (Figure 1) but in this case the Power 
Fail Input (PFI) monitors the unre gulated input to the 
7805 regulator. The MAX690/694 RE SET out put goes 
low when V C c falls below 4.65V. The RESET output of 
the MAX692 goes low when Vcc drops below 4.4V. 

The current consumption of the battery-backed-up 
power bus must be less than 50mA. The 
MAX690/692/694 does not have a BATT ON output to 
drive an external transistor. The MAX690/92/94 also 
does not include chip enable gating circuitry that is 
available_gn the MAX691/93/95. In many systems 
though, CE gatingjsnoLneeded since a low input to the 
microprocessor RESET line prevents the processor 
from writing to RAM during power-up and power-down 
transients. 

The MAX690/92/94 watchdog timer has a fixed 1.6 
second timeout period. If W DI remain s either low or high 
for more than 1 .6 seconds, a RESET pulse is sent to the 
microprocessor. The watchdog timer is disabled if WDI is 
left floating. 
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Figure 2. MAX690/692/694 Typical Application 
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Detailed Description 

Battery-Switchover and Vour 

The battery switchover circuit compares Vcc to the 
Vbatt input, and connects Vout to whichever is higher. 
Switchover occurs when Vcc is 50mV greater than 
Vbatt as Vcc falls, and when Vcc is 70mV more than 
Vbatt as Vcc rises (see Figure 4). The switchover 
comparator has 20mV of hysteresis to prevent 
repeated, rapid switching if Vcc falls very slowly or 
remains nearly equal to the battery voltage. 

When 

Vcc ' s higher than Vg A jj, Vcc |S internally 
switched to V 0UT via a low saturation PNP transistor. 
V 0UT has 50mA output current capability. Use an 
external PNP pass transistor in parallel with internal 
transistor if the output current requirement at V 0UT 
exceeds 50mA or if a lower V CC -V 0UT voltage differen- 
tial is desired. The BATT ON output (MAX691/693/695 
only) can directly drive the base of the external 
transistor. 

It should be noted that the MAX690/91/92/93/94/95 
need only supply the average current drawn by the 
CMOS RAM if there is adequate filtering. Many RAM 
data sheets specify a 75mA maximum supply current, 
but this peak current spike lasts only 100ns. A 0.1pF 
bypass capacitor at Vout supplies the high 
instantaneous current, while Vout need only supply the 
average load current, which is much less. A capacitance 
of 0.1//F or greater must be connected to the Vout 
terminal to ensure stability. 

A 200O MOSFET connects the V BATT input to V 0UT 



during battery backup. This MOSFET has very low input- 
to-output differential (dropout voltage) at the low current 
levels required for battery backup of CMOS RAM or 
other low power CMOS circuitry. When Vcc equals 
Vbatt the supply current is typically 12/iA. When Vcc is 
between 0V and (V B ATT-700mV) the typical supply 
current is only 600nA typical, 1//A maximum. 

The MAX690/691/694/695 operates with battery 
voltages from 2.0V to 4.25V while the MAX692/693 
operates with battery voltages from 2.0V to 4.0V. High 
value capacitors, either standard electrolytic or the 
farad-size double layer capacitors, can also be used for 
short-term memory backup. The charging resistor for 
both capacitors and rechargeable batteries should be 
connected to Vqut since this eliminates the discharge 
path that exists if the resistor is connected to V C c- 

A small charging current of typically 10nA (0.1//A max) 
flows out of the V BATT terminal. This current varies with 
the amount of current that is drawn from Vq UT but its 
polarity is such that the backup battery is always 
slightly charged, and is never discharged while V cc is 
in its operating voltage range. This extends the shelf 
life of the backup battery by compensating for its self- 
discharge current. Also note that this current poses no 
problem when lithium batteries are used for backup 
since the maximum charging current (0.1/uA) is safe for 
even the smallest lithium cells. 

If the battery-switchover section is not used, connect 
Vbatt to GND and connect Vout to Vcc. Table 2 shows 
the state of the inputs and output in the low power 
battery backup mode. 
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Figure 3. MAX691/693/695 Block Diagram 
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Figure 4. Battery-Switchover Block Diagram 



Reset Output 

RESET is an active low output which goes low whenever 
V cc falls below 4.5V (MAX690/691/694/695) or 4.25V 
(MAX692/693). It will remain low until Vcc rises above 
4.75V (MAX690/691/694/695) or 4.5V (MAX692/693) 
for 50 milliseconds*. See Figures 5 and 6. 

The guaranteed minimum and maximum thresholds of 
the MAX690/691/694/695 are 4.5V and 4.75V, while 
the guaranteed thresholds of the MAX692/693 are 
4.25V and 4.5V. The MAX690/691/694/695 is 
compatible with 5V supplies with a +10%, -5% 
tolerance while the MAX692/693 is compatible with 
5V+10% supplies. The reset threshold comparator has 
approximately 50mV of hysteresis, with a nominal 
threshold of 4.65V in the MAX690/691/694/695, and 
4.4V in the MAX692/693. 

The response time of the reset voltage comparator is 
about 100/iS. Vcc should be_b_yp_assed to ensure that 
glitches do not activate the RESET output. 

RESET also goes low if the Watchdog Timer is enabled 
and WDI remains either high or low longer than the 
watchdog timeout period. RESET has an internal 3fiA 
pullup, and can either connect to an open collector 
Reset bus or directly drive a CMOS gate without an 
external pullup resistor. 

•200ms tor MAX694 and MAX695 



CE Gating and RAM Write Protection 

The MAX6 91. MAX693 a nd MA X695 use two pins to 
control the Chip Enable or Write inputs of CMOS RAMs. 
When Vcc is +5V, CE OUT is a buffered replica of CE 
IN, with a 50ns propagation delay. If Vcc input falls 
below 4.65V (4.5V min, 4.75V max) an internal gate 
forces CE OUT high, independent of CE IN. The 
MAX693 CE OUT goes high whenever Vcc is below 
4.4V (4.25V min, 4.5V max). The CE output of both 
devices is also forced high when Vcc is less than V B att- 
(See Figure 5.) 

CE OUT typically drives the CE, CS, or Write input of 
battery backed up CMOS RAM. This ensures the 
integrity of the data in memory by preventing write 
operations when Vcc is at an invalid level. Similar 
protection of EEPROMs can b e a chieve d by using the 
CE OUT to drive the Store or Write inputs of an 
EEPROM, EAROM, or NOVRAM. 

If the 50ns typical propagation delay of CE OUT is too 
long, connect CE IN to GND and use the resulting CE 
OUT to control a high speed external log ic gate. A 
second alternative is to AND the LOW LINE output with 
the CE or WR signal. An external logic gate and the 
RESET output of the MAX690/692/694 can also be 
used for CMOS RAM write protection. 
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Figure 5. Reset Block Diagram 
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1.3V Comparator and Power Fail Warning 

The Power Fail Input (PFI) is comp ared t o an internal 1.3V 
reference. The Power Fail Output (PFO) goes low when 
the voltage at PFI is less than 1.3V. Typically PFI is driven 
by an external voltage divider which senses either the 
unregulated DC input to the system's 5V regulator or the 
regulated 5V output. The voltage divider ratio can be 
chosen such that the voltage at PFI falls below 1.3V 
several millise conds before the +5V supply falls below 
4.75V. PFO is normally used to interrupt the 
microprocessor so that data canbe_sjpred in RAM before 
Vcc falls below 4.75V and the RESET output goes low 
(4.5V for MAX692/93). 

The Power Fail Detector can also monitor the backup 
battery to warn of a low battery condition. To conserve 
battery power,_the Power Fail Detector comparator is 
turned off and PFO is forced low when Vcc is lower than 
the Vbatt input voltage. 

Watchdog Timor and Oscillator 

The watchdog circuit monitors the activity of the 
microprocessor. If the microprocessor does not toggle the 
Watchdog Input ( WDI) wit hin the selected timeout period, 
a 50 millisecond* RESET pulse is generated. Since many 
systems cannot service the watchdog timer immediately 
after a reset, the MAX691/693/695 has a longer timeout 
period after a reset is issued. The normal timeout period 
become s effective following the first transition of WDI after 
RESET has gone high. The watchdog timer is restarted at 



the end of Reset, whether the Reset was caused by lack of 
activity on WDI or by Vcc falling below the reset threshold. 
If WDI remains either high or low, reset pulses will be 
issued every 1.6 seconds. The watchdog monitor can be 
deactivated by floating the Watchdog Input (WDI). 

The Watchdog Output (WDO, MAX691/693/695 only) 
goes low if the watchdog timer "times out" and remains 
low u ntil set high by the next transition on the watchdog 
input. WDO is also set high when V C c goes below the 
reset threshold. 

The watchdog timeout period is fixed at 1.6 seconds and 
the reset pulse width is fixed at 50ms* on the 8-pin 
MAX690, MAX692 and MAX694. The MAX691, MAX693 
and MAX695 allow these times to be adjusted per Table 1 . 
Figure 8 shows various oscillator configurations. 

The internal oscillator is enabled when OSC SEL is 
floating. In this mode, OSC IN selects between the 1.6 
second and 100ms watchdog timeout periods. In either 
case, immediately after a reset the timeout period is 1.6 
seconds. This gives the microprocessor time to re- 
initialize the system. If OSC IN is low, then the 100ms 
watchdog period becomes effective after the first 
transition of WDI. The software should be written such 
that the I/O port driving WDI is left in its power-up reset 
state until the initialization routines are completed and 
the microprocessor is able to toggle WDI at the 
minimum watchdog timeout period of 70ms. 

•200ms for MAX694 
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Figure 7. Watchdog Timer Block Diagram 
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Figure 8. Oscillator Circuits 



Table 1. MAX691, MAX693 and MAX695 Reset Pulse Width and Watchdog Timeout Selections 



OSC SEL 


OSC IN 


Watchdog Timeout Period 

Normal Immediately 
Normal After Rese , 


Reset Timeout Period 


MAX691/93 


MAX695 


Low 


External Clock Input 


1024 elks 


4096 elks 


512 elks 


2048 elks 


Low 


External Capacitor 


400ms x c 


1.6sec xc 


200ms x c 


800ms x c 




47pF 


47pF 


47pF 


47pF 


Floating 


Low 


100ms 


1 .6 sec 


50ms 


200ms 


Floating 


Floating 


1.6 sec 


1 .6 sec 


50ms 


200ms 



Note 1: The MAX690/692/694 watchdog timeout period is fixed at 1.6 seconds nominal, the MAX690/692 Reset pulse width is fixed 

at 50ms nominal and the MAX694 is 200ms nominal. 
Note 2: When the MAX691 OSC SEL pin is low, OSC IN can be driven by an external clock signal, or an external capacitor can be 

connected between OSC IN and GND. The nominal internal oscillator frequency is 10.24kHz. The nominal oscillator 

frequency with external capacitor is 

184,000 

Fosc(Hz)= ^f7 

Note 3: See Electrical Characteristics Table for minimum and maximum timing values. 



Microprocessor 
Supervisory Circuits 

Application Hints 

Other Uses of the Power Fail Detector 

In Figure 9 the Power Fail Detector is used to initiate a 
system reset when Vcc falls to 4.85V. Since the 
threshold of the Power Fail Detector is not as accurate 
as the onboard Reset voltage detector, a trimpot must 
be u sed to adj ust the v oltage detection threshold. Both 
the PFO and RESET outputs have high sink current 
capability and only 10/zA of source current drive. This 
allows the two outputs to be connected directly to each 
other in a "wired or" fashion. 

The overvoltage detector circuit in Figure 10 resets the 
microprocessor whenever the nominal 5V Vcc is above 
5.5V. The battery monitor circuit (Figure 11) shows the 
status of the memory backup battery. If desired, the CE 
OUT can be used to apply a test load to the battery. 
Since CE OUT is forced high during the battery backup 
mode, the test load will not be applied to the battery 
while it is in use, even if the microprocessor is not 
powered. 



Adding Hysteresis 
to the Power Fail Comparator 

Since the power fail comparator circuit is non-inverting, 
hysteresis c an b e added by connecting a resistor 
between the PFO outp ut and the PFI input as shown in 
Figure 12. When PFO is low, resistor R3 sinks curre nt 
from the summing junction at the PFI pin. When PFO is 
high, the series combination of R3 and R4 source 
current into the PFI summing junction. 

Alternate Watchdog Input Drive Circuits 

The Watchdog feature can be enabled and disabled 
under program control by driving WDI with a 3-state 
buffer (Figure 13). The drawback to this circuit is that a 
software fault may erroneously 3-state the buffer, 
thereby preventing the MAX690 from detecting that the 
microprocessor is no longer working. In most cases a 
better method is to extend the watchdog period rather 
than disabling the watchdog. See Figure 14. When the 
control input is high, the OSC SEL pin is low and the 
watchdog timeout is set by the external capacitor. A 
0.01/zF capacitor sets a watchdog timeout delay of 100 
seconds. When the control input is low, the OSC SEL pin 
is driven high, selecting the internal oscillator. The 
100ms or the 1.6 sec period is chosen, depending on 
which diode in Figure 14 is used. 





Figure 9. Externally Adjustable Vcc Reset Threshold 
5-86 



Figure 10. Reset on Overvoltage or Undervoltage 
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Figure 11. Backup Battery Monitor with Optional Test Load 



Figure 12. Adding Hysteresis to the Power Fail Voltage Comparator 
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Figure 13. Disabling the Watchdog Under Program Control 
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Figure 14. Selecting Internal or External Watchdog Timeout 
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Table 2. Input and Output Status In Battery Backup Mode 



Vbatt. Vout 

RESET 

RESET 

LOW LINE 

BATTON 

WDI 

WDO 
PFI 

PFO 
CEIN 

CEOUT 
OSCIN 
OSC SEL 

Vcc 



Vbatt is connected to V ut via internal MOSFET. 
Logic low 

Logic high. The open circuit output voltage is equal to Vout. 
Logic low 
Logic high 

WDI is internally disconnected from its internal pullup and does not source or sink current as long as its input 
voltage is between GND and Vout- The input voltage does not affect supply current. 

Logic high 

The Power Fail Comparator is turned off and the Power Fail Input voltage has no effect on the Power Fail 
Output. 

Logic low 

CE IN is internally disconnected from its internal pullup and does not source or sink current as long as its input 
voltage is between GND and V 0U t- The input voltage does not affect supply currant. 

Logic high 

OSC IN is ignored. 

OSC SEL is ignored. 

Approximately 1 2,uA is drawn from the Vbatt input when V C c is between Vbatt + 1 0OmV and V B att- 700mV. 
The supply current is 1/*A maximum when V C c is less than V B ATT-700mV. 



Ordering Information (continued) 



Chip Topography 



PART 


TEMP. 


RANGE 


PACKAGE 


MAX692CPA 


0*C 


to 


+ 70'C 


8 Lead Plastic DIP 


MAX692EPA 


-40"C 


to 


+ 85'C 


8 Lead Plastic DIP 


MAX692EJA 


-40X 


to 


+ 85'C 


8 Lead CERDIP 


MAX692MJA 


-55'C 


to 


+ 125'C 


8 Lead CERDIP 


MAX693C/D 


O'C 


to 


+ 70-C 


Dice 


MAX693CPE 


<rc 


to 


+ 70'C 


16 Lead Plastic DIP 


MAX693CWE 


0"C 


to 


+ 70'C 


16 Lead Small Outline 


MAX693EPE 


-40"C 


to 


+ 85'C 


16 Lead Plastic DIP 


MAX693EJE 


-40'C 


to 


+ 85-C 


16 Lead CERDIP 


MAX693EWE 


-40'C 


to 


+ 85'C 


16 Lead Small Outline 


MAX693MJE 


-55'C 


to 


+ 125"C 


16 Lead CERDIP 


MAX694CPA 


o-c 


to 


+ 70'C 


8 Lead Plastic DIP 


MAX694EPA 


-40X 


to 


+ 85-C 


8 Lead Plastic DIP 


MAX694EJA 


-40'C 


to 


+ 85°C 


8 Lead CERDIP 


MAX694MJA 


-55°C 


to 


+ 125'C 


8 Lead CERDIP 


MAX695C/D 


0"C 


to 


+ 70*C 


Dice 


MAX695CPE 


0°C 


to 


H 70° C 


16 Lead Plastic DIP 


MAX695CWE 


0"C 


to 


+ 70*C 


16 Lead Small Outline 


MAX695EPE 


-40°C 


to 


+ 85°C 


16 Lead Plastic DIP 


MAX695EJE 


-40'C 


to 


+ 85"C 


16 Lead CERDIP 


MAX695EWE 


-40'C 


to 


+ 85'C 


16 Lead Small Outline 


MAX695MJE 


-55°C 


to 


+ 125'C 


16 Lead CERDIP 



|3 U 



RESET 

lie 



RESET 

lis 



nr Moan 



0.116- 
[2.85mm) 



GND— 



BATTi 
ON 



r ^i..':i'iTiii«l:.»]ij. L !_; 'J I 



-CEIN 
— CE OUT 



I' I 8 I s 
OSC OSC PFI 
IN SEL 
0.084- 



|2.13mm| 



Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied. 
Maxim reserves the right to change the circuitry and specifications without notice at any time. 
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Low Cost Power-On Reset 
and Watchdog Controllers 



General Description 

The MAX698 and MAX699 monitor the +5V supply in 
microp rocessor and digital systems. They supply a 
RESET pulse of at least 140ms duration on power-up, 
power-down, and during low voltage "brown out" condi- 
tions. Circuit reliability is increased at reduced cost by 
eliminating all external components and adjustments. 

The MAX699 includes all features of the MAX698 but also 
provides a "w atchdog " input to monitor microprocessor 
activity. The RESET output goes low if the watchdog 
input (WDI) is not toggled within 1 second. The watch- 
dog feature can be disabled by leaving WDI open. 

Both parts are supplied in 8 lead DIP and 16 lead 0.3" 
wide Small Outline (SO) packages and are specified from 
0°C to +70°C for "C" grade devices and -40°C to +85°C 
for "E" devices. The Small Outline versions, with more 
pins than the 8 lead DIP, have additional outputs not 
available in DIP packages. The se are RESET (without 
inversion) and Watchdog Output (WDO). 

Applications 



Computers 
Controllers 

Intelligent Instruments 
Automotive Systems 
Critical u.P Power Monitoring 



Typical Operating Circuit 




♦ Precision Voltage Monitor 

♦ Power OK/Reset Time Delay 

♦ Watchdog Timer 

♦ Minimum Component Count 



Features 



Ordering Information 



PART 


TEMP. RANGE 


PACKAGE 


MAX698CPA 


0"C to +70°C 


8 Lead Plastic DIP 


MAX698CWE 


0°C to +70°C 


16 Lead Wide SO 


MAX698EPA 


-40'C to +85"C 


8 Lead Plastic DIP 


MAX698EWE 


-40°C to +85"C 


16 Lead Wide SO 


MAX699CPA 


O'C to +70'C 


8 Lead Plastic DIP 


MAX699CWE 


O'C to +70"C 


16 Lead Wide SO 


MAX699EPA 


-40'C to +85°C 


8 Lead Plastic DIP 


MAX699EWE 


-40'C to +85"C 


16 Lead Wide SO 



Pin Configurations 



Top View 






Vcc [I 


• 


TJ GND 


vcc \j_ 
GND [T 


MAX698 
MAX699- 


Tj RESET 
j] N.C (WDI)" 


GND [7 




TJ N C. 




DIP 




GND \T 




j6] RESET 


VCC \T 

vcc \J 


MAX698 
MAX699- 


TFJ RESET 
14] N.C. (WDO)" 


GND [T 




N.C 


N.C. [T 




TJ] N.C. 


n c |T 




Jl] N.C. (WDI)" 


N.C \T_ 




JO] N.C. 


N.C (T 




TJ GND 


so 

• P!N LABELS IN ( ) ARE FOR MAX699 ONLY 





'M/ixi/w is a registered trademark of Maxim Integrated Products 



Maxim Integrated Products 5-89 



Low Cost Power-On Reset 
and Watchdog Controllers 

ABSOLUTE MAXIMUM RATINGS 



Vcc -03V to 6.0V 

Input Vol tage ( with resp ect to G ND) 

WDI, WDO, RESET, RESET -0,3V to Vcc 

Operating Temperature Range 

MAX69XC O'C to +70'C 

MAX69XE , 40"C to +85*C 



Rate of Rise, Vcc 100V/(is 

Power Dissipation 

Plastic DIP (Derate 5mW/*C above 70*C) 400mW 

Small Outline (Derate 7mW/'C above 70"C) 600mW 

Storage Temperature -65"C to + 1 50'C 

Lead Temperature (Soldering 10 seconds) +300'C 



Stresses above those listed under 'Absolute Maximum Ratings' may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operations sections of the specifications is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS 

(Ta = 25°C, Vcc = +5V, unless otherwise noted.) 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Operating Voltage Range 


T A = Full 


3.0 




5.5 


V 


Supply Current 




5 


mA 


Power Up Reset De-Assertion 


Ta = Full 


4.5 


4.65 


4.75 


V 


Power Down Reset Assertion 


Ta = Full 


4.4 


V 


Hysteresis 




40 


mV 


Reset Output Pulse Width 




140 




500 


ms 


RESET Output 
Output Low 
Output High 


(Open Drain) 

Isink = 1.6mA, Vcc = 4.4V 

Isource = 1pA. Vcc = 5V 


3.5 




0.4 


V 


RESET Output - SO Pkg. Only 
Output Low 
Output High 


Isink = 1 6mA, Vcc = 5V 
Isource = 1(JA, Vcc = 4.4V 


3.5 




0.4 


V 


WDO Output - SO MAX699 Only 
Output Low 
Output High 


Isink = 1.6mA, Vcc = 5V 
Isource = 1(iA, Vcc = 4.4V 


3.5 




0.4 


V 


MAX699 Watchdog 
Timeout Period 




1.0 


1.6 


2.25 


sec 


MAX699 Minimum WDI Input 
Pulse Width 




200 


ns 


MAX699 WDI Input Threshold 
Logic Low 
Logic High 


Vcc = +5V 


3.8 




0.8 


V 


MAX699 WDI Input Current 


WDI = Vcc 
WDI = 0V 


-50 


20 
-15 


50 


MA 
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and Watchdog Controllers 

Pin Description 



NAME 


FUNCTION 


Vcc 


+5V sense input and MAX698/699 chip power. 


GND 


Chip power GND. 


RESET 


Goes low when Vcc falls below internally set threshold (See Electrical Characteristics). 


RESET 


(Small Outline devices only) Goes high when Vcc falls below internally set threshold. 


WDI 


(MAX699 only) A three level input. If WDI remains high or low for more than the watchdog 
timeout period, RESET pulses low (WDO also goes low on Small Outline MAX699). If WDI 
is unconnected or at mid supply, the watchdog circuit is disabled. 


WDO 


(Small Outline MAX699 only) Goes low when WDI remains high or low for more than the 
watchdog timeout period. WDO is set high at the next WDI transition. If WDI is 
unconnected or at mid supply, WDO remains high. WDO also remains high when Vcc 
falls below 4.4V. 



WDI" 



VCC 



WATCHDOG 
TIMER 




MAX698 
MAX699 



WDO' 



RESET 



RESET" 



GND 



•Note: WDI ON MAX699 ONLY 

RESET ON SO PACKAGE ONLY 
WDO ON SO MAX699 ONLY 



Figure 1. MAX698/699 Block Diagram 
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Chip Topography 



Vcc Vcc GND RESET RESET 




GND WDI 
0.084 - _ 



[2.13mmf 



Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied. 
Maxim reserves the right to change the circuitry and specifications without notice at any time. 
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Power-Supply Monitor with Reset 



General Description 

The MAX700/70 1/702 are supervisory circuits used to 
monito r the power supplies in jaP and digital systems. The 
RESET/RESET outputs of the MAX700/701/702 are guar- 
anteed to be in the correct state for Vcc voltages down 
to + 1 V (Figure 4). They provide excellent circuit reliability 
and low cost by eliminating external components and 
adjustments when used with +5V powered circuits. 

The MAX702 is the sim plest part in the family. When Vcc 
falls to 4.65V, RESET goes low. The MAX702 also pro- 
vides a debounced manual reset input. T he MAX 701 
performs the same functions but has both RESET and 
RESET outputs. Their primary function is to provide a 
system reset. Accordingly, an active reset signal is 
supplied for low supply voltages and for at least 200ms 
after the supply voltage reaches its operating value. 

In addition to the features of the MAX701 and MAX702, 
the MAX700 provides preset or adjustable voltage de- 
tection so thresholds other than 4.65V can be selected, 
and adjustable hysteresis. All parts are supplied in 8-pin 
Plastic DIP and Narrow SO packages in commercial and 
extended temperature ranges. 

Applications 

Computers 
Controllers 

Intelligent Instruments 
Automotive Systems 
Critical \iP Power Monitoring 



TOP VIEW 




♦ Min 200ms RESET Pulse on Power-Up, 
Power-Down, and During Low-Voltage Conditions 

♦ Reset Threshold Factory Trimmed for +5V 
Systems 

♦ No External Components or Adjustments With 
+5V Powered Circuits 

♦ Debounced Manual Reset Input 

♦ Preset or Adjustable Voltage Detection (MAX700) 

♦ Adjustable Hysteresis (MAX700) 

♦ 8-Pin Plastic DIP and Narrow SO Packages 

Ordering Information 



PART 


TEMP. RANGE 


PIN-PACKAGE 


MAX700CPA 


crc to +70*c 


8 Plastic DIP 


MAX700CSA 


0*C to +70*C 


8 Narrow SO 


MAX700C/D 


crc to +7o"c 


Dice 


MAX700EPA 


-40'C to +85 - C 


8 Plastic DIP 


MAX700ESA 


-40"C to +85'C 


8 Narrow SO 


MAX701CPA 


crc to +7o*c 


8 Plastic DIP 


MAX701CSA 


0'C to +7CTC 


8 Narrow SO 


MAX701C/D 


crc to +7o*c 


Dice 


MAX701EPA 


-40"C to +85'C 


8 Plastic DIP 


MAX701ESA 


-40"C to +85'C 


8 Narrow SO 


MAX702CPA 


C to +70 C 


8 Plastic DIP 


MAX702CSA 


0'C to +70"C 


8 Narrow SO 


MAX702C/D 


0"C to +70"C 


Dice 


MAX702EPA 


-40°C to +85"C 


8 Plastic DIP 


MAX702ESA 


-40°C to +85'C 


8 Narrow SO 



Pin Configurations 



MR [7 
SENSE f_2 
HYST [3 
GN0 [T 



r - ^ — 

MAX700 



T\ VCC 


MR [7 


T\ CTL 


N.C [2 


~J\ RESET 


N.C [3 


J] RESET 


GND[£ 



7-^ — 

MAX701 



T} Vcc 


MR [T 


y\ n.c. 


Vcc [2 


±\ RESET 


GND [T 


5] RESET 


N.C (7 




DIP/SO 



DIP/SO 



DIP/SO 



yW/JXlyfl 

/vi/ixiyvi is a registered trademark of Maxim Integrated Products. 



Maxim Integrated Products 5-93 



Power-Supply Monitor with Reset 



ABSOLUTE MAXIMUM RATINGS 

Vcc -0.3V to + 1 5.5V 

Voltage (with respect to GND) at RESET. RESET, HYST, 

CTL, SENSE -0.3V to Vcc 

Operating Temperature Range 

MAX70_C O'C to 4 /0 C 

MAX70_E -40°Cto+85'C 



Rate of Rise, Vcc 100V/ns 

Power Dissipation, any package 380mW 

Storage Temperature Range -65*C to + 1 50"C 

Lead Temperature (Soldering, 10 sec.) 300"C 



Stresses beyond those listed under "Absolute Maximum Ratings' may cause permanent damage to the device. These are stress ratings 
only, and functional operation of the device at these or any other conditions beyond those indicated in the operational sections of the 
specifications is not implied. Exposure to absolute maximum rating conditions for extended periods may affect the device reliability. 

ELECTRICAL CHARACTERISTICS 

(T A = 25"C, Vcc = +5V, CTL = GND on MAX700, unless otherwise noted.) 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Vcc Monitor Voltage Range 
MAX700 Only 


Ta = Tmin to Tmax 

CTL = Vcc 


3 




15 


V 


Min Vcc For Valid Reset 
Output. Declining Supply 


Ta = Tmin to Tmax 

RESET < 0.4V when sinking 1mA 


1.5 


1 




V 


Supply Current 






100 


200 


HA 


Reset Threshold 
Power-up 
Power-down 


Ta = Tmin to Tmax 


4.5 
4.5 


4.65 
4.62 


4.75 
4.75 


V 


Internal Hysteresis 


HYST not connected 


30 


mV 


Reset Output Pulse Width 




200 


350 


500 


ms 


RESET Fall Time 


MAX700/701 Only, C L OAD = 100pF 


200 


ns 


Vcc Pulse Duration Guaranteeing 
No Reset 
Reset 


5V to 4V Vcc Pulse 


100 


10 
10 


1 


us 


MR Input Threshold 




0.7 


V 


MR Pullup Current 






-5 


-30 


HA 


MAX700 


RESET Output Low 
RESET Output High 


ISINK = 3.2mA, Vcc = 5V 
ISINK = 1 6mA, Vcc = 3V 
'SOURCE = 3.2mA, Vcc = 4.25V 
ISOURCE = 1 .6mA, Vcc = 3V 
ISOURCE = 0.5mA. Vcc = 1 5V 


VCC-0.4 
VCC-0.4 
VCC-0.4 




0.4 
0.4 


V 


RESET Output Low 
RESET Output High 


ISINK = 16mA, Vcc = 4.25V 
ISINK = 1.6mA. Vcc = 3V 
ISINK = 0.4mA. Vcc = 1.5V 
ISOURCE = 3.2mA, Vcc = 5V 
ISOURCE = 1.6mA, Vcc = 3V 


VCC-0.4 
VCC-0.4 




0.4 
0.4 
0.4 


V 


MAX701 


RESET Output Low 
RESET Output High 


ISINK = 16mA, Vcc = 5V 
ISOURCE = 3.2mA. Vcc = 4.25V 
'SOURCE = 1.6mA, Vcc = 3V 
ISOURCE = 0.5mA. Vcc = 1.5V 


VCC-0.4 
Vcc-0.4 
Vcc-0.4 




0.4 


V 


RESET Output Low 
RESET Output High 


ISINK = 3.2mA, Vcc = 4.25V 
ISINK = 1 6mA, Vcc = 3V 
ISINK = 0.4mA, Vcc = 1.5V 
ISOURCE = 3.2mA, Vcc = 5V 


VCC-0.4 




0.4 
0.4 
0.4 


V 
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Power-Supply Monitor with Reset 



ELECTRICAL CHARACTERISTICS (continued) 

(T A = 25"C, Vcc = +5V, CTL = GND on MAX700, unless otherwise noted.) 



PARAMETER 


CONDITIONS 


MIN TYP MAX 


UNITS 


MAX702 








RESET Output Low 
RESET Output High 


ISINK = 3.2mA, Vcc = 4.25V 
ISINK = 1.6mA, VcC = 3V 
ISINK = 0.4mA, Vcc = 1 5V 
ISOURCE = 3.2mA, Vcc = 5V 


0.4 
0.4 
0.4 

VCC-0.4 


V 


MAX700 ONLY (CTL = Vcc, unless otherwise noted.) 


SENSE Input Threshold 


Ta = Tmin to Tmax 


1 .25 1 .29 1 .35 


V 


SENSE Input Current 




0.1 


nA 


HYST Input On Resistance 




0.5 


kn 


CTL Input Threshold 




2 


V 


CTL Pulldown Current 




30 100 


HA 



Pin Description 



NAME 


FUNCTION 


VCC 


Chip power and +5V sensing input (when CTL 
= GND on MAX700). 


GND 


Ground 


RESET 


Goes low when Vcc falls below 4,65V, or when 
CTL = Vcc on the MAX700 goes low when 
SENSE falls below 1.9V. 


RESET 


MAX700, 701 only - Inverted Version of RESET. 


MR 


Input for manual push button reset. Has inter- 
nal 5uA pull up. Low input activates the 
RESET/RESET outputs. 


CTL 


MAX700 only - When CTL = GND, Vcc is moni- 
tored by the reset circuit. When CTL = Vcc, Vcc 
is ignored and SENSE is monitored, allowing the 
threshold to be set with external resistors. 


HYST 


MAX700 only - Normally NOT used when volt- 
age is monitored through Vcc (CTL = GND). 
When monitoring through SENSE (CTL = Vcc). 
HYST allows hysteresis to be added, reducing 
noise and spurious reset activity (Fiqure 3). HYST 
turns on 5(is before the RESET/RESET outputs 
are activated, and its on resistance to GND is typi- 
cally 1kn. 


SENSE 


MAX700 only - The voltage sense input when 
CTL = Vcc- Its threshold is 1 ,29V. Sense al- 
ways remains connected to the internal compa- 
rator. So, when Vcc is being monitored 
internally (CTL = GND), SENSE should be left 
open circuit. 
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Power-Supply Monitor with Reset 



HYST 



GND 




Figure 1. MAX700 Block Diagram 



~T2 



MANUAL 
RESET 
BUTTON 

-XL 1 
B— | MR 

2 SENSE CTL 



Vcc 



3" 



MAX700 
HYST RESET 



GND RESET 



Vin3VT015V 



N.C. 



T0 M P 



Bt mK ')rg-1 j VL - LOWER VOLTAGE THRESHOLD 

R3 x : Vu = UPPER VOLTAGE THRESHOLD 

HYSTERESIS = Vu - Vl 



Figure 3. MAX/OO Connected for External Sense and Hysteresis 



MANUAL 
RESET 
BUTTON 

_CL 1 



N.C - 



MR MAX700 Vcc 
SENSE CTL 

HYST RESET 
GND RESET 



+5V 



N.C 



TOuP 



Figure 2. MAX70O Typical Connection Diagram 




Figure 4. Typical MAX700/70 1/702 RESET Output vs. V C c 



Figure 4 shows the RESET output of the MAX700/70 1/702 
in the correct state for Vcc voltages down to 0V. Note the 
effect of the built-in hysteresis on the trigger level of 
RESET. 



Maxim cannot assume responsibility for use ot any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied. 
Maxim reserves the right to change the circuitry and specilications without notice at any time. 
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Dual-Output, Switch-Mode Regulator 

(+5Vto±12V or±15V) 



General Description 

The MAX742 dual DC-DC converter IC creates dual-out- 
put power supplies in the 3W to 60W range. Relying on 
simple two-terminal inductors, the MAX742 regulates 
both outputs independently to within ±4% over line volt- 
age and temperature. 

The MAX742 provides high-efficiency conversion (>75%) 
over a wide range of load currents. Two independent 
current-mode feedback loops provide tight regulation 
and operation free from subharmonic noise. 

The MAX742 operates at a 200kHz frequency which is 
generated internally by a precise, laser-trimmed oscil- 
lator. This allows relatively small and lightweight external 
components in the end-use circuit and makes it easy to 
filter noise and ripple at the output. 

External power MOSFETs driven directly from the 
MAX742 are protected by cycle-by-cycle overcurrent 
sensing. The MAX742 also features undervoltage lock- 
out, thermal shutdown, and programmable soft-start. 

If 3W of load power or less is needed , refer to the MAX743 
data sheet for a device with internal power MOSFETS. 



Features 

♦ Specs Guaranteed for In-Circuit Performance 

♦ ±4% Output Tolerance Max. Over Temp, and Line 

♦ Switches from ±15V to ±12V Under Logic Control 

♦ Load Currents to ±2A 

♦ High Efficiency: 80% Typical 

♦ Low-Noise, Current-Mode Feedback 

♦ Cycle-by-Cycle Current Limiting 

♦ Undervoltage Lock-out and Soft-Start 

Ordering Information 

PART TEMP. RANGE PIN-PACKAGE 

MAX742CPP 0"C to +70"C 20 Plastic DIP 

MAX742CWP Q-C to +7CTC 20 Wide SO 

MAX742EPP -40'C to + 85'C 20 Plastic DIP 

MAX742EWP -40'C to +85'C 20 Wide SO 

MAX742MJP -55'Ct0+125 - C 20 CERDIP 



Applications 



DC-DC Converter Module Replacement 
Distributed Power Systems 
Computer Peripherals 



Block Diagram 



100/200- 
PUMP- 



VREF CC- FB- CSL- CSH- V+ 

J L 



VREF 
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CONTROL 
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DRIVE 



MAX742 



CONTROL 



N 

DRIVE 



12/15 



CC+ FB* CSL* CSH+ GND 



EXT- 
PDRV 

EXT* 



Pin Configuration 



TOP VIEW 
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CC* 
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IT 


AV+ 


Z 
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:v 


12/15 
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SS 


T 
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1 
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MAX742 



E CSH* 
lH CSL* 
lD GND 
IT] EXT* 
71] PUMP 
15] PDRV 
u\ EXT- 
TJ] V* 
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iTJ CSL- 



DIP/SO 
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ADVANCE INFO 

FIRST PAGE Of DATA SHEET IN PREPARA 
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Dual-Output, Switch-Mode Regulator 

(+5Vto±15Vor±12V) 



General Description 

The MAX743 DC-DC converter IC contains all the active 
circuitry needed to build small, dual-output power sup- 
plies. Relying on simple 2-terminal inductors rather than 
transformers, the MAX743 regulates both outputs inde- 
pendently to within ±4% over all conditions of line voltage, 
temperature, and load current. 

The MAX743 typically provides 75% to 82% efficiency 
over most of the load range. It operates with current- 
mode feedback at 200kHz, so it can be used with rather 
small, lightweight external components. Also, ripple and 
noise are easy to filter. 

The MAX743 is inherently reliable due to its internal power 
transistors and monolithic construction. Thermal shut- 
down prevents overheating, and cycle-by-cycle current 
sensing protects the power-switch transistors. Other 
features include undervoltage lock-out and programma- 
ble soft-start. 

Inductors, capacitors, and diodes to complement the 
MAX743 can be ordered directly from Maxim in produc- 
tion quantities. If higher load currents are needed, refer 
to the MAX742 data sheet for a device which drives 
external power MOSFETs. 



.Applications 



DC-DC Converter Module Replacement 
Distributed Power Systems 
Computer Peripherals 
Portable Instruments 



Features 

♦ Generates '100mA or 125mA 

♦ Specs Guaranteed for In-Circuit Performance 

♦ +4% Output Tolerance Max Over Temp, Line, and 
Load 

♦ 82% Typ Efficiency 

♦ Low-Noise, Current-Mode Feedback 

♦ On-Board Current Limiting 

♦ Thermal Shutdown Protection 

♦ Undervoltage Lock-Out and Soft-Start 

♦ Switches From ±15V to ±12V Under Logic 
Control 

♦ Evaluation Kit Available 

♦ Internal Power MOSFETs 

Ordering Information 



PART 


TEMP. RANGE 


PIN-PACKAGE 


MAX743CPE 


0°C to +70"C 


16 Plastic DIP 


MAX743CWE 


0*C to +70°C 


16 Wide SO 


MAX743C/D 


0"C to +70°C 


Dice 


MAX 743EPE 


-40"C to +85°C 


16 Plastic DIP 


MAX743EWE 


-40°C to +85"C 


16 Wide SO 


MAX743MJE 


-55'C to +125°C 


16 CERDIP 



Ordering information continued on page 3. 



Pin Configuration 



TOP VIEW 
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• NOT CONNECTED FOR CERDIP PACKAGE 





Typical Operating Circuit 
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Dual-Output, Switch-Mode Regulator 
(+5Vto±15Vor±12V) 



ELECTRICAL CHARACTERISTICS 

(Circuit of Figure 1 , +4.5V < V+ < +5.5V, Notel .J 



PARAMETER 


CONDITIONS 


MIN TYP MAX 


UNITS 


Output Voltage 


±15V Mode 


OmA < I LOAD < 100mA 
12/15 = 0V 


Ta = +25°C 


14.55 15.45 


V 


Ta = Tmin to Tmax 


14.40 1560 


± 12V Mode 


0mA_< I load < 125mA 
12/15 = V+ 


Ta = +25°C 


11.64 12.36 


V 


Ta = Tmin to Tmax 


11.52 12.48 



ELECTRICAL CHARACTERISTICS 

(Circuit of Figure 1, V+ = +5.0V, 12/15 pin = 0V, Iload = 0, Ta = Tmin to Tmax, unless otherwise noted.) 



PARAMETER 


CONDITIONS 


MIN TYP MAX 


UNITS 


Efficiency 


Iload - +50mA 


LX = MAXL001 


79 


% 


LX = MPP Toroid 


82 


Supply Current (Note 2) 




20 30 


mA 


Supply Current Limit (Note 3) 


+VO = +10V 
-VO = -10V 


1.2 
1.2 


A 


Standby Current 


VREF = +5V, includes VREF current 


2.2 4 


mA 


Line Regulation 


V+ = +4.5Vto +5.5V 


.05 


%/% 


Load Regulation 


Iload = to 100mA 


1 


% 


Reference Voltage 


VREF 


2.0 


V 


Oscillator Frequency 




180 200 220 


kHz 


Undervoltage Lock-out 


Measured at V+ 


3.8 4.2 


V 


Thermal Shutdown Threshold 




+ 190 


•c 


LX+ On Resistance (Note 4) 




1.2 3.0 


£2 


LX- On Resistance (Note 4) 




1.0 2.2 


n 


LX+ Leakage Current (Note 5) 


LX+ = +17V, V+ =6V 


100 


HA 


LX- Leakage Current (Note 5) 


LX- = -17V, V+ =6V 


-100 


UA 


Compensation Pin Impedance 


cc+ : ce- 


10 


k£2 


Soft-Start Source Current 


ss =ov 


3.0 7.0 


HA 


Soft-Start Sink Current 


SS = 2V, V+ = 3.8V 


0.5 2.0 


mA 



Note 1 : All devices tested to full load conditions with 50ms pulsed loads using automatic test equipment. In continuous operation, the 

maximum allowable output current is determined by package thermal characteristics and passive component ratings. 
Note 2: Total supply current including inductor current. The worst case for supply current occurs at low input voltage. 
Note 3: Supply Current Limit is a measure of the supply current under overload conditions. One at a time, the outputs are forced to 

10V, taking each controller into current limit mode. The V+ supply current is then measured. 
Note 4: Guaranteed by design, not 100% tested. Output currents are 100% tested. 
Note 5: Tested at wafer level only, not in packaged form. 
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Dual-Output, Switch-Mode Regulator 

(+5Vto±15Vor±12V) 



ABSOLUTE MAXIMUM RATINGS 

Supply Voltage 

(V+ or AV+ to GND) +7V, -0.3V (±12V Mode) 

+6V, -0.3V (±15V Mode) 

Output Switch Voltages (LX+ to GND) + 1 7V. -0.3V 

(LX-toV+) -23V. +0.3V 

Output Switch Currents 

(LX+ Sink Current, Peak) 2.0A 

(LX- Source Current, Peak) -2. OA 



Operating Temperature Range 

MAX743C 0*Cto+70"C 

MAX743E -40*Cto+85"C 

MAX743MJE -55'C to +125 C 

Junction Temperature 

MAX743E/C +150"C 

MAX743MJE . 175*C 

Storage Temperature Range -65*C to + 1 60 C 

Lead Temperature (Soldering. 10 sec.) +300'C 

Stresses beyond those listed under 'Absolute Maximum Ratings' may cause permanent damage to the device. These are stress ratings only, and functional 
operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 



CAUTION - OBSERVE PROTOTYPING PRECAUTIONS BELOW 

• DO NOT INSERT DEVICE INTO SOCKET WITH POWER APPLIED. 

• BE CERTAIN THAT OUTPUT FILTER CAPACITORS ARE CONNECTED. 

• DO NOT SOLDER OR WORK ON CIRCUIT WHILE POWER IS APPLIED. 

• OBSERVE SUPPLY VOLTAGE RATINGS CAREFULLY. 



Production Kit 
Ordering Information 



Each kit contains a MAX743 IC and key externa! components. 
MAXL001 and MAXC001 can also be ordered individually. 



PART 


TEMP. RANGE IC PACKAGE 


MAX743CPEKIT 


0'C to +70°C 


Plastic DIP 


MAX743EPEKIT 


-25*C to +85"C 


Plastic DIP 


PRODUCTION KIT CONTENTS 


PART 


DESCRIPTION 


qty;kit 


MAX743 


Integrated Circuit 


1 


1N5817 


Schottky Rectifier 


2 


MAXC001 


1 50nF Low ESR Capacitors 


3 


MAXL001 


100|jH Toroid Inductors 


2 




Figure 1. Basic Application Circuit 

Notes: LX Inductors: MAXL001 or equivalent. 
CF Filter Capacitors: MAXC001 or 

100^iF low-ESR equivalent. 
C1 Bypass Capacitor: MAXC001 or 22uF 16V 

Tantalum or equivalent. 
C4 Soft-Start Capacitor is optional. 
DX Schottky Diodes: 1N5817 or equivalent. 



yn/JXi/H 



5-101 



ADVANCE INFORMATION 



General Description 

The MAX790/MAX791 supervisory circuits reduce the 
complexity and number of components required for 
power-supply monitoring and battery-control functions in 
microprocessor (u.P) systems. These include nP 
reset, backup-battery switchover, watchdog timer, 
CM OS RAM write protection, and power-failure warning. 
The RESEToutput of the ICs is guaranteed to be in the 
correct state for Vcc voltages down to 1 V. 

The MAX790/MAX791 offer several improvements over 
Maxim's MAX690 Series of supervisory circuits, includ- 
ing 70p.A supply current, 10ns CE propagation delay, 
250mA output current (Vcc mode), and 25mA output 
current (VBATT mode). The MAX790 is pin compatible 
with the MAX690. 



Computers 
Controllers 
Intelligent Systems 
Automotive Systems 
Critical u.P Power Monitoring 



Applications 



Pin Configurations 



TOP VIEW 
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VBATT [7 
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DIP/SO 





♦ Precision 4.72V Monitor 



yi/iyixiyi/i 

High-Performance 
Supervisory Circuits 

Features ^ 

I 

X 

N 

Ordering Information J® 



♦ 250ms RESET Vcc Assertion Time 

♦ 1.6sec or Adjustable Watchdog Timeout Period 

♦ Min Component Count 

♦ 1u.A Standby Current 

♦ Monitors Backup Battery 

♦ Battery-Backup Power Switching 

♦ On-board Gating of Chip-Enable Signals 



PART 


TEMP. RANGE 


PIN-PACKAGE 


MAX790CPA 


O'C to +70'C 


8 Plastic DIP 


MAX790C/D 


0"C to +70'C 


Dice" 


MAX790EPA 


-40*C to +85*C 


8 Plastic DIP 


MAX790MJA 


-55°Cto+125"C 


8 CERDIP 


MAX791CPE 


0°C to +7CTC 


16 Plastic DIP 


MAX791CWE 


-0°C to +70"C 


16 Wide SO 


MAX791C/D 


0"C to +7CTC 


Dice - 


MAX791EPE 


-40'C to +85'C 


16 Plastic DIP 


MAX791EWE 


-40"C to +85'C 


16 Wide SO 


MAX791MJE 


-55*Cto+125'C 


16 CERDIP 



'Consult factory for dice specifications. 



Typical Operating Circuit 



+5V 



1 



VCC 
VBATT 



VOUT 



PFI 



MAX790 

RESET 

pro 
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POWER TO nP 
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/H/JXI/H 

Interface 

MAX230 +5V Powered, Five RS-232 Transmitters with Power Shutdown 6-1 

MAX231 +5V and + 1 2V Powered, Dual RS-232 Transmitters and Receivers 6-1 

MAX232 +5V Powered, Dual RS-232 Transmitters and Receivers 6-1 

MAX233 No External Component +5V Powered, Dual RS-232 Transmitters and Receivers 6-1 

MAX234 +5V Powered, Quad RS-232 Transmitters 6-1 

MAX235 No External Component +5V Powered, Five RS-232 Transmitters and Receivers 

with Power Shutdown and Receiver Three-State Enable 6-1 

MAX236 +5V Powered, Four RS-232 Transmitters and Three RS-232 Receivers 

with Power Shutdown and Receiver Three-State Enable 6-1 

MAX237 +5V Powered, Five RS-232 Transmitters and Three RS-232 Receivers 6-1 

MAX238 +5V Powered, Quad RS-232 Transmitters and Receivers 6-1 

MAX239 +5V and + 1 2V Powered, Three RS-232 Transmitters and Five RS-232 Receivers 

with Three-State Receiver Enable 6-1 

MAX240 +5V Powered, Five RS-232 Transmitters and Receivers with Power Shutdown and 

Receiver Three-State Enable in Plastic Flatpak 6-1 

MAX241 +5V Powered, Four RS-232 Transmitters, Five Receivers with Power Shutdown and 

Receiver Three-State Enable in 28 Pin Small Outline 6-1 

MAX250 +5V Powered Isolated RS-232 Driver/Receiver 6-17 

MAX251 +5V Powered Isolated RS-232 Driver/Receiver , 6-17 

MAX252 Complete +5V- Powered Isolated Dual RS-232 Transceiver Module 6-29 

RR-3A Module Product Reliability Report 6-37 
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General Description 

Maxim's family of line drivers/receivers are intended 
for all RS-232 and V.28/V.24 communications inter- 
faces, and in particular, for those applications where 
± 12V is not available. The MAX230, MAX236, MAX240 
and MAX241 are particularly useful in battery powered 
systems since their low power shutdown mode 
reduces power dissipation to less than 5/jW. The 
MAX233 and MAX235 use no external components 
and are recommended for applications where printed 
circuit board space is critical. 

All members of the family except the MAX231 and 
MAX239 need only a single +5V supply for operation. 
The RS-232 drivers/receivers have on-board charge 
pump voltage converters which convert the +5V input 
power to the +10V needed to generate the RS-232 
output levels. The MAX231 and MAX239, designed to 
operate from +5V and +12V, contain a +12V to -12V 
charge pump voltage converter. 

Since nearly all RS-232 applications need both line 
drivers and receivers, the family includes both receiv- 
ers and drivers in one package. The wide variety of 
RS-232 applications require differing numbers of 
drivers and receivers. Maxim offers a wide selection 
of RS-232 driver/receiver combinations in order to 
minimize the package count (see table below). 

Both the receivers and the line drivers (transmitters) 
meet all EIA RS-232C and CCITT V.28 specifications. 



>kl>JXI>kl 

+5V Powered 
RS-232 Drivers/ Receivers 

Features 

♦ Operates from Single 5V Power Supply 
(+5V and +12V — MAX231 and MAX239) 

♦ Meets All RS-232C and V.28 Specifications 

♦ Multiple Drivers and Receivers 

♦ Onboard DC-DC Converters 

♦ ±9V Output Swing with +5V Supply 

♦ Low Power Shutdown — <1/iA (typ) 

♦ 3-State TTL/CMOS Receiver Outputs 

♦ ±30 V Receiver Input Levels 



Applications 

Computers 

Peripherals 

Modems 

Printers 

Instruments 



Selection Table 



Part 
Number 


Power Supply Voltage 


No. Of 
RS-232 
Drivers 


No. of 
RS-232 
Receivers 


External 
Components 


Low Power Shutdown 
/TTL 3-State 


No. of Pins 


MAX230 


+5V 


5 





4 capacitors 


Yes/No 


20 


MAX231 


+5V and +7.5V to 13.2V 


2 


2 


2 capacitors 


No/No 


14 


MAX232 


+5V 


2 


2 


4 capacitors 


No/No 


16 


MAX233 


+5V 


2 


2 


None 


No/No 


20 


MAX234 


+5V 


4 





4 capacitors 


No/No 


16 


MAX235 


+5V 


5 


5 


None 


Yes/Yes 


24 


MAX236 


+5V 


4 


3 


4 capacitors 


Yes/Yes 


24 


MAX237 


+5V 


5 


3 


4 capacitors 


No/No 


24 


MAX238 


+5V 


4 


4 


4 capacitors 


No/No 


24 


MAX239 


+5V and +7.5V to 13.2V 


3 


5 


2 capacitors 


No/Yes 


24 


MAX240 


+5V 


5 


5 


4 capacitors 


Yes/Yes 


44 














(Flatpak) 


MAX241 


+5V 


4 


5 


4 capacitors 


Yes/Yes 


28 














(Small Outline) 



•Patent Pending 
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+5 V Powered 

RS-232 Drivers/ Receivers 

ABSOLUTE MAXIMUM RATINGS 



-0.3V to +6V 



Short Circuit Duration 

T oux continuous 

Power Dissipation 

CERDIP 675mW 

(derate 9.5mW/°C above +70° C) 

Plastic DIP 375mW 

(derate 7mW/°C above +70° C) 

Small Outline (SO) 375mW 

(derate 7mW/°C above +70° C) 

Lead Temperature (soldering 10 seconds) +300°C 

Storage Temperature -65°C to +160°C 

Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and functional 
operation ol the device at these or any other conditions above those indicated in the operational sections of the specifications is not implied. Exposure to 
absolute maximum rating conditions for extended periods may affect device reliability. 

ELECTRICAL CHARACTERISTICS 

(MAX232, 234. 236, 237 238. 240, 241 V cc = 5V ± 10%; MAX233, 235 V cc = 5V ± 5%; MAX231, 239 V cc - 
T A = Operating Temperature Range, Figures 3-14, unless otherwise noted.) 



V* (V cc - 0.3V) to +14V 

V" +0.3V to -14V 

Input Voltages 

T, N -0.3 to (V cc + 0.3V) 

R IN ±30V 

Output Voltages 

T 0UT (V + 0.3V) to (V- - 0.3V) 

Rout -0.3V to (V cc + 0.3V) 



5V ± 10%, V* = 7.5V to 13.2V; 



PARAMETER 


CONDITIONS 


MIN. 


TYP. 


MAX. 


UNITS 


Output Voltage Swing 


All Transmitter Outputs loaded 
with 3kO to Ground 


±5 


±9 




V 


V cc Power Supply Current 


No load, T A = +25° C 




5 


10 


mA 


MAX231, MAX239 




0.4 


1 


V* Power Supply Current 


No load, 

MAX231 and MAX239 only 


MAX231 




1.8 


5 


mA 


MAX239 




5 


15 


Shutdown Supply Current 


Figure 1, T A = +25°C 




* 

l 


-in 

1U 


//A 


Input Logic Threshold Low 


T| N , EN, Shutdown 






0.8 


V 


Input Logic Threshold High 


Tin 


2.0 






V 


EN, Shutdown 


2.4 






Logic Pullup Current 


T, N = 0V 




15 


200 




RS-232 Input Voltage Operating Range 




-30 




+30 


V 


RS-232 Input Threshold Low 


V cc = 5V, T A = +25° C (MAX231, 239 V* = 0V) 


0.8 


1.2 




V 


RS-232 Input Threshold High 


V cc = 5V. T A = +25°C (MAX231, 239 V* = 12V) 




1.7 


2.4 


V 


RS-232 Input Hysteresis 


V CC = 5V 


0.2 


0.5 


1.0 


V 


RS-232 Input Resistance 


T A = +25° C. V cc = 5V 


3 


5 


7 


kn 


TTL/CMOS Output Voltage Low 


l 0UT = 1.6mA (MAX231-233, l oul - 3.2mA) 






0.4 


V 


TTL/CMOS Output Voltage High 


l OUT = -1.0mA 


3.5 






V 


TTL/CMOS Output Leakage Current 


EN = V cc , 0V < Rout % V cc 




0.05 


±10 


//A 


Output Enable Time (Figure 2) 


MAX235. MAX236, MAX239, MAX240, 241 




400 




ns 


Output Disable Time (Figure 2) 


MAX235, MAX236, MAX239, MAX240, 241 




250 




ns 


Propagation Delay 


RS-232 to TTL 




0.5 




US 


Instantaneous Slew Rate 


C L = 10pF, R L = 3-7kO 
T A = +25° C (Note 1) 






30 


V/^s 


Transition Region Slew Rate 


R L = 3kO, C L = 2500pF 
Measured from +3V to -3V 
or -3V to +3V 




3 




W/JS 


Output Resistance 


V cc = V* = V = 0V, V 0UT = ±2V 


300 






n 


RS-232 Output Short Circuit Current 






i 10 




mA 



Note 1: Sample tested. 
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+5V Powered 

typical Operating Characteristics 



TRANSMITTER SLEW RATE 
vs. LOAD CAPACITANCE 
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Figure 5. MAX232 Typical Operating Circuit 
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Figure 9. MAX236 Typical Operating Circuit 
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Figure If. MAX238 Typical Operating Circuit 
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Figure 12. MAX239 Typical Operating Circuit 
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"typical Applications 

Figures 3 through 14 show typical applications. The 
capacitor values are non-critical. Reducing the capa- 
citors C1 and C2 to 1/uF will slightly increase the 
impedance of the charge pump, lowering the RS-232 
driver output voltages by about 100mV. Lower values 
of C3 and C4 increase the ripple on the V + and V 
outputs 

If the power supply input to the device has a very fast 
rate-of-rise (as would occur if a PCB were to be 
plugged into a card cage with power already on), use 
the simple RC filter shown in Figure 15. This bypass 
network is not needed if the Vcc rate-of-rise is below 
1V//js. 

All receivers and drivers are inverting. The ENable 
control of the MAX235, MAX236, MAX239, MAX240 
and MAX241 enables the receiver TTL/CMOS outputs 
when it is at a low level, and places the TTL/CMOS 
outputs of the receivers into a high impedance state 
when it is a high level. 

When the Shutdown control of the MAX230, MAX235, 
MAX236, MAX240 and MAX241 is at a logic 1 the 
charge pump is turned off, the receiver outputs are 
put into the high impedance state, V* is pulled down 
to Vcc, V" is pulled up to ground, and the transmitter 
outputs are disabled. The supply current drops to 
less than 10/l/A. 

Detailed Description 

The following sections provide supplementary infor- 
mation for those designers with non-standard appli- 
cations and for those with interest in the internal 
operation of the devices. 

The devices consist of 3 sections: the transmitters, 
the receivers, and the charge pump DC-DC voltage 
converter. 



+SVto±10V 
Dual Charge Pump Voltage Converter 

All but the MAX231 and MAX239 convert +5V to +10V. 
This conversion is performed by two charge pump 
voltage converters. The first uses capacitor C1 to 
double the +5V to +10V, storing the +10V on the V + 
output filter capacitor, C3. The second charge pump 
voltage converter uses capacitor C2 to invert the +10V 
to -10V, storing the -10V on the V output filter capa- 
citor, C4. The equivalent circuit of the charge pump 
section is shown in Figure 16. 

A small amount of power may be drawn from the V + 
and V" outputs to power external circuitry. Two Typical 
Operating Characteristics graphs show typical output 
voltage versus load current for the MAX230, 234-238, 
and 241 . Transmitter output current is included in these 
plots. The MAX231-233, which are not shown in the 
graphs, supply less output current, and are limited to 1 
or 2mA of excess output load current. 




Figure 15. Protection from High 




Figure 16. Charge Pump Diagram. 
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For applications needing only the +5V to ±10V charge 
pump voltage converter, the MAX680 is available. 

The capacitor values for C1 through C4 are non- 
critical. At the 15kHz typical switching frequency of 
the voltage converter, a VF capacitor has approxi- 
mately 10Q impedance, and replacing the 4.7juF and 
"IOiuF capacitors shown in the typical applications 
with VF for C1 and C2 will increase the output 
impedance of the V + output by about 10O and the 
output impedance of V~ by about 20O. Lowering the 
value of C3 and C4 increases the ripple on the V + 
and V - outputs. Where operation to the upper tem- 
perature limit is not required, or Vcc w ''l not 9° 
below 4.75V, C1 and C2 can be VF and C3 and C4 
can be VF per output channel ( VF if one transmitter 
is used, 5^F if five transmitters are used). 

There are parasitic diodes which become forward 
biased if V + goes below Vcc or V goes above ground. 
When in the shutdown mode (MAX230, MAX235, 
MAX236, MAX240 and MAX241 only), V + is internally 
connected to V C c by a 1kO pulldown, and V is 
internally connected to ground via a 1kO pullup. 

The MAX233 and MAX235 contain all charge pump 
components, including the capacitors, and operate 
with NO external components. 

The MAX231 and MAX239 include only the V + to V~ 
charge pump, and are intended for applications which 
have a +5V supply and either a +12V ± 10% supply or a 
7.5V to 13.2V battery voltage. When operating with V* 
greater than 8.0V both capacitors can be VF. 



Driver (Transmitter) Section 

The transmitters or line drivers are inverting level 
translators which convert the CMOS or TTL input 
levels to RS-232 or V.28 voltage levels. With +5V V cc . 
the typical output voltage swing is ±9V when loaded 
with the nominal 5kO input resistance of an RS-232 
receiver. The output swing is guaranteed to meet the 
RS-232/V.28 specification of ±5V minimum output 
swing under the worst case conditions of all trans- 
mitters driving the 3kO minimum allowable load 
impedance, V C c = 4.5V, and maximum operating 
ambient temperature. The open circuit output voltage 
swing is from (V + - 0.6V) to V". 

The input thresholds are both CMOS and TTL com- 
patible, with a logic threshold of about 25% of Vcc. 
The inputs of unused drivers sections can be left 
unconnected; an internal 400kfi input pullup resistor 
to Vcc will pull the inputs high, forcing the unused 
transmitter outputs low. The input pullup resistors 
source about 12/yA, and the driver inputs should be 
driven high or open circuited to minimize power 
supply current in the shutdown mode. 



When in the low power shutdown mode, the driver 
outputs are turned off and their leakage current is less 
than 1//A with the driver output pulled to ground. The 
driver output leakage remains less than VA, even if 
the transmitter output is backdriven between 0V and 
(Vcc + 6V). Below -0.5V the transmitter is diode 
clamped to ground with 1kO series impedance. The 
transmitter is also zener clamped to approximately 
Vcc + 6V, with a series impedance of 1kO. As required 
by the RS232 and V.28, the slew rate is limited to less 
than 30V/£is. This limits the maximum usable baud 
rate to 19,200 baud. 

Receiver Section 

All but the MAX230 and MAX234 contain RS-232/V.28 
receivers. These receivers convert the ±5V to ±15V 
RS-232 signals to 5V TTL/CMOS outputs. Since the 
RS-232C/V.28 specifications define a voltage level 
greater than +3V as a 0, the receivers are inverting. 
Maxim has set the guaranteed input thresholds of the 
receivers to 0.8V minimum and 2.4V maximum, which 
are significantly tighter than the -3.0V minimum and 
+3.0V maximum required by the RS-232 and V.28 
specifications. This allows the receivers to respond 
both to RS-232/V.28 levels and TTL level inputs. The 
receivers are protected against input overvoltage up 
to ±30V. 

The 0.8V guaranteed lower threshold is important to 
ensure that the receivers will have a logic 1 output if 
the receiver is not being driven because the equip- 
ment containing the line driver is turned off or 
disconnected, or if the connecting cable has an open 
circuit or short circuit. In other words, the receiver 
implements Type 1 interpretation of fault conditions 
(§7 of V.28, §2.5 of RS-232C). While a 0V or even a 
-3V receiver threshold would be acceptable for the 
data lines, these lower thresholds would not give 
proper indication on the control lines such as DTR 
and DSR. The receivers, on the other hand, have a full 
0.8V noise margin for detecting the power-down or 
cable-disconnected states. 

The receivers have a hysteresis of approximately 
0.5V, with a minimum guaranteed hysteresis of 200mV. 
This aids in obtaining clean output transitions, even 
with slow rise and fall time input signals with moderate 
amounts of noise and ringing. The propagation delays 
of the receivers are 350ns for negative-going input 
signals, and 650ns for positive-going input signals 
(see Typical Characteristics graphs). 

The MAX239 has a receiver 3-state control line, and 
the MAX235, MAX236, MAX240 and MAX241 have 
both a receiver 3-state control line and a low power 
shutdown control. The receiver TTL/CMOS outputs 
are in a_h|gh impedance 3-state mode whenever the 
3-state ENable line is high, and are also high impe- 
dance whenever the Shutdown control line is high. 



/fl/JXI/fl 



6-11 



+5V Powered 

RS-232 Drivers/ Receivers 



Review of EIA Standard 
RS-232-C and CCITT 
Recommendations V.28 and V.24 

The most common serial interface between electronic 
equipment is the "RS232" interface. This serial inter- 
face has been found to be particularly useful for the 
interface between units made by different manufac- 
turers since the voltage levels are defined by the EIA 
Standard RS-232-C and CCITT Recommendation V.28. 
The RS-232 specification also contains signal circuit 
definitions and connector pin assignments, while 
CCITT circuit definitions are contained in a separate 
document, Recommendation V.24. Originally intended 
to interface modems to computers and terminals, 
these standards have many signals which are not 
used for computer-to-computer or computer-to-peri- 
pheral communication. 

Serial interfaces can be used with a variety of trans- 
mission formats. The most popular by far is the 
asynchronous format, generally at one of the standard 
baud rates of 300, 600, 1200, etc. The maximum 
recommended baud rate for RS-232 and V.28 is 20,000 
baud, and the fastest commonly used baud rate is 
19,200 baud. Asynchronous serial links use a variety 
of combinations of the number of data bits, what type 
(if any) of parity bit, and the number of stop bits. A 
typical combination is 7 data bits, even parity, and 1 
stop bit. 

RS232/V.28 physical links are also suitable for synch- 
ronous transmission protocols. These higher level 
protocols often use the standard RS-232C/V.28 
voltage levels. Note that one type of physical link 
(such as RS-232/V.28 voltage levels) can be used for 
a variety of higher level protocols. Table 2 summarizes 
the voltage levels and other requirements of V.28 
and RS-232. 



Comparison of RS-232C/V.28 
with other Standards 

The other two most common serial interface specifica- 
tions are the EIA RS423 and RS422/RS485 (CCITT 
recommendations V.10 and V.11). While the RS-232 
or V.28/V.24 interface is the most common interface 
for communication between equipment made by 
different manufacturers, the RS423/V.10 interface and 
RS422/V.11 interfaces can operate at higher baud 
rates. In addition, the RS485 interface can be used 
for low cost local area networks. 

The RS423 and V.10 interfaces are unbalanced or 
"single-ended" interfaces which use a differential 
receiver. This standard is intended for data signaling 
rates up to 100 kbit/s (100 kilobaud). It achieves this 
higher baud rate through more precise requirements 



on the waveshape of the transmitters and through the 
use of differential receivers to compensate for ground 
potential variations beween the transmitting and re- 
ceiving equipment. With certain limitations, this inter- 
face is compatible with RS-232 and V.28. The limita- 
tions are: 

1 ) less than 20,000 baud rate, 

2) maximum cable lengths determined by RS-232 
performance, 

3) RS423/V.10 DTE and DCE signal return paths must 
be connected to the the RS232/V.28 signal ground, 

4) the RS-232 transmitter output voltages must be 
limited to +12V, or additional protection must be 
provided for the RS423/V.10 receivers, and 

5) not all RS232/V.28 receivers will show proper 
power-off detection of V.10 transmitter outputs. 

Maxim's MAX230 and MAX232-MAX238, MAX240 and 
MAX241 meet restrictions 4 and 5 over the entire 
range of recommended operating conditions. The 
MAX231 and MAX239 meet restrictions 4 and 5 
provided that the V + voltage is 12.5V or less. 

The RS422, RS485, and V.11 interfaces are balanced 
double-current interchanges suitable for baud rates 
up to 10 Mbit/s. These interfaces are not compatible 
with RS-232 or V.28 voltage levels. 



Application Hints 

Operation at High Baud Rates 

V.28 states that "the time required for the signal to 
pass through the transition region during a change in 
state shall not exceed 1 millisecond or 3 percent of 
the nominal element period on the interchange cir- 
cuit, whichever is less." RS-232C allows the transition 
time to be 4 percent of the duration of a signal 
element. At 19,200 baud, the "nominal element period" 
is approximately 50/us, of which 3 percent is 1.5/l/s. 
Since the transition region is from -3V to +3V, this 
means the V.28 slew rate would ideally be faster than 
6V/1.5yus = 4V///S at 19.2 kbaud and 2V//us at 9600 baud. 
The RS-232 requirement is equivalent to 3V//^s at 19.2 
kbaud, 1.5V//vs at 9600 baud, etc. The slew rate of the 
MAX230 series devices is about 3V//MS with the maxi- 
mum recommended load of 2500pF. In practice, the 
effect of less than optimum slew rate is a distortion of 
the recovered data, where the 1's and 0's no longer 
have equal width. This distortion generally has negli- 
gible effect and the devices can be reliably used for 
19.2 kbaud serial links when the cable capacitance is 
kept below 2500pF. With very low capacitance load- 
ing, the MAX230 and MAX234-239, MAX240 and 
MAX241 may even be used at 38.4 kbaud, since the 
typical slew rate is 5V//js when loaded with 500pF in 
parallel with 5kQ. Under no circumstance will the 
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Figure 17. Non-inverting RS-232 Transmitters and. Receivers. 

slew rate exceed the RS-232/V.28 maximum spec of 
30V///S and, unlike the 1488 driver, no external com- 
pensation capacitors are needed under any load con- 
dition. 

Driving Long Cables 

The RS-232 standard states that "The use of short 
cables (each less than approximately 50 feet or 15 
meters) is recommended; however, longer cables are 
permissible, provided that the load capacitance . . . 
does not exceed 2500pF." 

Baud rate and cable length can be traded off: use 
lower baud rates for long cables, use short cables if 
high baud rates are desired. For both long cables and 
high baud rates, use RS422/V.11. The maximum cable 
length for a given baud rate is determined by several 
factors, including the capacitance per meter of cable, 
the slew rate of the driver under high capacitive 
loading, the receiver threshold and hysteresis, and 
the acceptable bit error rate. The receivers have 0.5V 
of hysteresis, and the drivers are designed such that 
the slew rate reduction caused by capacitive loading 
is minimized (see Typical Characteristics). 



Non-Inverting Drivers and Receivers 

Occasionally a non-inverting driver or receiver is 
needed instead of the inverting drivers and receivers 
of the family. Simply use one of the receivers as a 
TTL/CMOS inverter to get the desired operation 
(Figure 17). If the logic output driving the receiver 
input has less than 1mA of output source capability, 
then add the 2.2kQ pullup resistor. 

The receiver TTL outputs can directly drive the input 
of another receiver to form a non-inverting RS-232 
receiver. 

Protection for Shorts to±1SV Supplies 

All driver outputs except on the MAX231, MAX232 
and MAX233 are protected against short circuits to 
+15V, which is the maximum allowable loaded output 
voltage of an RS-232/V.28 transmitter. The MAX231, 
MAX232, and MAX233 can be protected against short 
circuits to +15V power supplies by the addition of 
a series 220O resistor in each output. This protec- 
tion is not needed to protect against short circuits to 
most RS-232 transmitters such as the 1488, since 
they have an internal short circuit current limit 
of 12mA. 

The power dissipation of the MAX230 and MAX234- 
MAX239, MAX240 and MAX241 is about 200mW with 
all transmitters shorted to ±15V. 

Isolated RS-232 Interlaces 

RS-232 and V.28 specifications require a common 
ground connection between the two units communi- 
cating via the RS-232/V.28 interface. In some cases, 
there may be large differences in ground potential 
between the two units, and in other cases it may be 
desired to avoid ground loop currents by isolating 
the two grounds. In other cases, a computer or 
control system must be protected against accidental 
connection of the RS-232/V.28 signal lines to 110/ 
220VAC power lines. Figure 18 shows a circuit with 
this isolation. The power for the MAX233 is generated 
by a MAX635 DC-DC converter. When the MAX635 
regulates point "A" to -5V, the isolated output at point 
"B" will be semi-regulated to +5V. The two opto- 
couplers maintain isolation between the system 
ground and the RS-232 ground while transferring the 
data across the isolation barrier. While this circuit will 
not withstand 110VAC between the RS-232 ground 
and either the receiver or transmitter lines, the voltage 
difference between the two grounds is only limited by 
the optocoupler and DC-DC converter transformer 
breakdown ratings. 
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Figure 18. Optically isolated RS-232 Interface. 
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Figure 19. +5V Isolated Power Supply For Optically Isolated RS-232 Interface. 
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Ordering Information 



PART 


TEMP. RANGE 


PACKAGE 


MAX230 




0.3" Wide 


MAX230CPP 


0°C to +70°C 


20 Lead Plastic DIP 


MAX230CWP 


0°C to +70° C 


20 Lead Wide S O. 


MAX230C/D 


0°C to +70° C 


Dice 


MAX230EPP 


-40° C to +85° C 


20 Lead Plastic DIP 


MAX230EWP 


-40° C to +85° C 


20 Lead Wide S O. 


MAX230EJP 


-40° C to +85° C 


20 Lead CERDIP 


MAX230MJP 


-55°C to +125°C 


20 Lead CERDIP 


MAX231 




0.3" Wide 


MAX231CPD 


0°C to +70° C 


14 Lead Plastic DIP 


MAX231CWE 


0°C to +70° C 


16 Lead Wide S.O. 


MAX231 C/D 


0°C to +70° C 


Dice 


MAX231 EPD 


-40° C to +85° C 


14 Lead Plastic DIP 


MAX231EWE 


-40° C to +85° C 


16 Lead Wide S.O. 


MAX231 EJD 


-40° C to +85° C 


14 Lead CERDIP 


MAX231MJD 


-55° C to +125°C 


14 Lead CERDIP 


MAX232 




0.3" Wide 


MAX232CPE 


0°C to +70° C 


16 Lead Plastic DIP 


MAX232CWE 


0°C to +70° C 


16 Lead Wide S.O. 


MAX232C/D 


0°C to +70° C 


Dice 


MAX232EPE 


-40° C to +85° C 


16 Lead Plastic DIP 


MAX232EJE 


-40° C to +85° C 


16 Lead CERDIP 


MAX232EWE 


-40°C to +85° C 


16 Lead Wide S.O. 


MAX232MJE 


-55°C to +125°C 


16 Lead CERDIP 


MAX233 




0.3" Wide 


MAX233CPP 


0°C to +70° C 


20 Lead Plastic DIP 


MAX233EPP 


-40° C to +85° C 


20 Lead Plastic DIP 


MAX234 




0.3" Wide 


MAX234CPE 


0°C to +70° C 


16 Lead Plastic DIP 


MAX234CWE 


0°C to +70° C 


16 Lead Wide S.O. 


MAX234C/D 


0°C to +70° C 


Dice 


MAX234EPE 


-40° C to +85° C 


16 Lead Plastic DIP 


MAX234EWE 


-40°C to +85°C 


16 Lead Wide S.O. 


MAX234EJE 


-40° C to +85° C 


16 Lead CERDIP 


MAX234MJE 


-55° C to +125°C 


16 Lead CERDIP 


MAX235 




0.6" Wide 


MAX235CPG 


0°C to +70° C 


24 Lead Plastic DIP' 


MAX235EPG 


-40° C to +85° C 


24 Lead Plastic DIP' 


MAX235EDG 


-40° C to +85° C 


24 Lead Ceramic' 


MAX235MDG 


-55°C to +125°C 


24 Lead Ceramic' 



PART 


TEMP. RANGE 


PACKAGE 


MAX236 




0.3" Wide 


MAX236CNG 


0°C to +70° C 


24 Lead Plastic DIP 


MAX236CWG 


0°C to +70° C 


24 Lead Wide S.O. 


MAX236C/D 


0°C to +70° C 


Dice 


MAX236ENG 


-40° C to +85° C 


24 Lead Plastic DIP 


MAX236EWG 


-40° C to +85° C 


24 Lead Wide S.O 


MAX236ERG 


-40° C to +85° C 


24 Lead CERDIP 


MAX236MRG 


-55°C to +125°C 


24 Lead CERDIP 


MAX237 




0.3" Wide 


MAX237CNG 


0°C to +70°C 


24 Lead Plastic DIP 


MAX237CWG 


0°C to +70° C 


24 Lead Wide S.O. 


MAX237C/D 


0°C to +70° C 


Dice 


MAX237ENG 


-40° C to +85° C 


24 Lead Plastic DIP 


MAX237EWG 


-40° C to +85° C 


24 Lead Wide S.O. 


MAX237ERG 


-40° C to +85° C 


24 Lead CERDIP 


MAX237MRG 


-55°C to +125°C 


24 Lead CERDIP 


MAX238 




0.3" Wide 


MAX238CNG 


0°C to +70° C 


24 Lead Plastic DIP 


MAX238CWG 


0°C to +70° C 


24 Lead Wide S O 


MAX238C/D 


0°C to +70° C 


Dice 


MAX238ENG 


-40° C to +85° C 


24 Lead Plastic DIP 


MAX238EWG 


-40° C to +85° C 


24 Lead Wide S.O. 


MAX238ERG 


-40° C to +85° C 


24 Lead CERDIP 


MAX238MRG 


-55°C to +125°C 


24 Lead CERDIP 


MAX239 




3" Wide 

\J ■ nJ »( lUv 


MAX239CNG 


0°C to +70° C 


24 Lead Plastic DIP 


MAX239CWG 


0°C to +70° C 


24 Lead Wide S.O. 


MAX239C/D 


0°C to +70° C 


Dice 


MAX239ENG 


-40° C to +85° C 


24 Lead Plastic DIP 


MAX239EWG 


-40° C to +85° C 


24 Lead Wide S O 


MAX239ERG 


-40° C to +85° C 


24 Lead CERDIP 


MAX239MRG 


-55° C to +125°C 


24 Lead CERDIP 


MAX240 




Flatpak 


MAX240CMH 
MAX240EMH 


0°C to +70° C 
-40° C to +85° C 


44 Lead Flatpak 
44 Lead Flatpak 


MAX241 




0.3" Wide 


MAX241CWI 
MAX241EWI 


0°C to +70° C 
-40° C to +85° C 


28 Lead Wide S.O. 
28 Lead Wide S.O. 



= 0.600" package 
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US- 
Table 1. Circuits Commonly Used for 
RS-232C and V.24 Asynchronous Interfaces 



Table 2. Summary of RS-232C and 
V.28 Electrical Specifications 



PIN 


CIRCUIT 


1 


Protective Ground 


Connect to 
Earth Ground 


2 


Transmit Data (TD) 


Data from DTE 


3 


Receive Data (RD) 


Data from DCE 


4 


Request To Send (RTS) 


Handshake from DTE 


5 


Clear to Send (CTS) 


Handshake from DCE 


6 


Data Set ready (DSR) 


Handshake from DCE 


7 


Signal Ground 


Reference Point 
for Signals 


8 


Received Line 
Signal Detector 
(sometimes called 
Carrier Detect, DCD) 


Handshake from DCE 


11 


Printer Busy Signal 


Handshake from Printer 


20 


Data Terminal Ready 


Handshake from DTE 


22 


Ring Indicator 


Handshake from DCE 




MAX231, MAX232 and MAX233 

: Connect substrate to V + . 



PARAMETER 


SPECIFICATION 


COMMENTS 


Driver Output Voltage 

level +5Vto+15V 

1 level -5Vto-15V 
Max. output ±25V Max. 


With 3-7k(! load 
With 3-7ki! load 
No Load 


Receiver Input Thresholds 
(data and clock signals) 

level +3V to +25V 

1 level -3V to -25V 


Receiver Thresholds 
RTS, DSR, DTR 
On level +3V to +25V 
Off level Open Circuit 
or -3V to -25V 


Detects Power 
Off Condition 
at Driver 


Receiver Input 
Resistance 


3k! ! to 7kfl 




Driver Output Resistance, 
=on 300nM,n. 


V OUT < ±2V 


Driver Slew Rate 


30V/,iS Max. 


3kil < R L < 7kfl; 
OpF<C L <2500pF 


Signalling Rate 


Upto20kbits/sec. 




Cable Length 


50715 m. 
Recommended 
Max. Length 


Longer cables 
permissible, If 
Cload £ 2500pF 



Chip Topography 



B2l» TZout T3oui 




, MAX241 



Notes: 

1. Shutdown pin of MAX234. MAX237, MAX238, MAX239. 
MAX240 and MAX241 are internally connected to ground. 

2. Connect substrate to V. 

Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied. 
Maxim reserves the right to change the circuitry and specifications without notice at any time. 
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+5V Powered 
Isolated RS-232 Drivers/Receivers 



General Description 

The MAX250 and MAX251 chip set form the heart of a 
complete, electrically isolated, RS-232 dual transmit- 
ter/receiver. By combining many functions on two chips, 
the cost and complexity required for an isolated digital 
interface is greatly reduced. Four low cost optocouplers, 
four capacitors, a diode and a small pot-core type trans- 
former are all that are required to complete a 19.2k baud 
transceiver. Faster data rates are possible by using high 
speed optocouplers. In addition to the driving and receiv- 
ing circuitry for the optocouplers, the chip set includes a 
push-pull transformer driver to supply power to the 
interface's isolated side. 

Other convenient features include single +5V operation, 
a low power shutdown mode, and output enable control 
for three-state operation. The MAX250 and MAX251 are 
supplied in 14 lead DIP, 14 lead small outline and 20 
leadless chip carrier packages. 

The MAX252 has all the required components for RS-232 
communication in a single package. 

Applications 

High Noise Data Communications 
Industrial Communications 
Data Links To Analog Circuits 
Bridge Ground Differentials 



Features 

♦ Isolated Data Interface 

♦ Single +5V Supply 

♦ Uses Low Cost Optocouplers 

♦ 5u.W Low Power Shutdown 

♦ 2 Transmitters and 2 Receivers 



Ordering Information 



PART 


TEMP. RANGE 


PACKAGE* 


MAX250CPD 


0°C to +70"C 


14 Lead Plastic DIP 


MAX250CSD 


0"C to +70"C 


14 Lead SO 


MAX250C/D 


O'C to +70'C 


Dice 


MAX250EPD 


-40"C to +85"C 


14 Lead Plastic DIP 


MAX250ESD 


-40'C to +85'C 


14 Lead SO 


MAX250EJD 


-40'C to +85"C 


14 Lead CERDIP 


MAX250MJD 


-55'C to +12oC 


14 Lead CERDIP 


MAX250MLP 


-55 'C to + 1250 


20 Lead LCC 


MAX251CPD 


O'C to +70"C 


14 Lead Plastic DIP 


MAX251CSD 


O'C to +70*C 


14 Lead SO 


MAX251C/D 


O'C to +70'C 


Dice 


MAX251EPD 


-40'C to +85'C 


14 Lead Plastic DIP 


MAX251ESD 


-40*C to +85'C 


14 Lead SO 


MAX251EJD 


-40"C to +85"C 


14 Lead CERDIP 


MAX251MJD 


-55*C to +1250 


14 Lead CERDIP 


MAX251MLP 


-55'C to +125C 


20 Lead LCC 



" Maxim reserves the right to ship Ceramic packages in lieu of CERDIP 
packages. 



Pin Configurations 




Top View 



• v. 




• V 




SHDN l~T 


T4]Vcc 


AC[T 


14] ISO GND 


mE 


3] 02 


v+[T 


TJ] v- 


T'ldr LX ma. 


(250 1?J R2 0UT 


TIdinLH m ^a 


5j" m TiouT 


hinge 


m r2d.n 


T20IN GL 


TJJT20UT 


T2 IN [Tr 


31 RlDIN 


RHdrIA 


TO] Win 


T2LDR [JL 


IB RtOUT 


R2ldr [T 


ID R2| N 


GN0[T 


3] EN 


BYP [T 


T] RTRI 



sv\/\yt\/v\ 

/ytsixi/vi is a registered trademark of Maxim Integrated Products. 
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ABSOLUTE MAXIMUM RATINGS: MAX250 

Supply Voltage, Vcc 6V 

Input Voltages -0.3V to (Vcc +0.3V) 

Output Drive Current, D1 , D2 240mA 

Output Drive Voltage, D1 , D2 Vcc + 6V 

Opto Driver pins T1ldr, T2ldr, R1out and R2out may be 
shorted one at a time indefinitely to Vcc or GND 



Power Dissipation 

Plastic DIP (derate 7mW/*C above 70"C) 375mW 

CERDIP (derate 9.5mW/*C above 70'C) 675mW 

Small Outline (derate 7mW/"C above 70'C) 375mW 

LCC (derate 7mWfC above 70'C) 375mW 

Lead Temperature (Soldering, 10 seconds) +300*C 

Storage Temperature -65"C to +160*C 



Stresses above those listed under 'Absolute Maximum Ratings' may cause permanent damage to the device. These are stress ratings only and functional 
operation ol the device at these or any other conditions above those indicated in the operational section of the specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS: MAX250 

(Vcc = 5V ±10%, Ta = Full Temperature Range unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Supply Voltage Range 


Vcc 


Over Temp. 


4.5 




5.5 


V 


Operating Supply Current 


Ice 


D1, D2 Open 




0.1 


0.5 


mA 


Shutdown 
Supply Current 


les 


Shutdown T A = -40'C to +85'C 
TA = -55*Cto+125 , C 




1 


10 
100 


HA 


Input Currents 


Ien, Ishdn 


Input = GND to Vcc 




0.001 


1 


uA 


POWER DRIVER D1, D2 


Switch Frequency 


fo\. D2 


Vcc = 5V, Ta = 25'C 


100 


200 


275 


kHz 


ON Resistance 
Power Driver 


rDS(ON) 


At 25 mA 




25 


50 


Q 


Leakage Current 










10 


HA 


Zener Clamp Voltage 


VCL 


w. r. t. Vcc 


6 


8 


10 


V 


DRIVER SECTION 


Pull-up Current 
Input source 


Ip 


Vcc = 5V, Vin = 0V, 
Ta = 25"C 


2 


3 


6 


uA 


Current 
Output Source 


Is 


V 0UT = 1.4V,T A = 25*C 


-5 


-8 


-15 


mA 


TTL/CMOS Output 
Voltage Low 


Vol 


Iout = 3.2mA 






0.4 


V 


TTL/CMOS Output 
Voltage High 


V H 


Iout = -1.0mA 


2.4 






V 


Input Logic 
Threshold High 


V 1H 


Tin, Rdin, EN, Shutdown 




1.8 


2.4 


V 


Input Logic 
Threshold Low 


V|L 


Tin. Rdin, EN, Shutdown 


08 


1.3 




V 


Input Hysteresis 


VlHYS 






0.5 




V 


Leakage Current 
Input and Output 


II 


(EN or Shutdown) = V C c 






10 


MA 


Input Capacitance 


ClN 






5 




pF 
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+5V Powered 
Isolated RS-232 Drivers/Receivers 



ABSOLUTE MAXIMUM RATINGS: MAX251 



Positive Input Voltage, AC terminal 15V 

Positive Input Voltage, V* terminal 14V 

Negative Input Voltage, V terminal -14V 

RS-232 Input Voltage -30V to 30V 

RS-232 Applied Output Voltage -15V to 15V 

Tristate Input Voltage, Vrtri -0.3V to (V + + 0.3V) 

RS-232 Transmitters may be indefinitely shorted to GND 
Opto Driver pins R1 L dr, R2ldr may be shorted one at a time 
indefinitely to GND 

Stresses above those listed under 'Absolute Maximum Ratings' may cause permanent damage to the device. These are stress ratings only and functional 
operation of the device at these or any other conditions above those indicated in the operational section of the specification is not implied- Exposure to absolute 
maximum rating conditions tor extended periods may affect device reliability. 



Diode Forward Current (AC to V + ) 250mA 

Reverse Diode Voltage -28V 

Power Dissipation 

Plastic DIP (derate 7mW/"C above 70"C) 375mW 

CERDIP (derate 9.5mW/'C above 70*C) 675mW 

Small Outline (derate 7nnW/*C above 70"C) 375mW 

LCC (derate 7mW/"C above 70°C) 375mW 

Lead Temperature (Soldering, 10 seconds) +300'C 

Storage Temperature -65*C to + 1 60'C 



ELECTRICAL CHARACTERISTICS: MAX251 

(Test Circuit 1 , See Figure 3, Ta = Full Temperature Range unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Positive Supply Current 


r 


R L =°° 




0.7 


2.5 


mA 


Negative Supply Current 


r 


Rl=- 




0.45 


1.0 


mA 


RS-232 CHARACTERISTICS 


RS-232 Output 
Voltage Swing 


Tvs 


All Transmitter Outputs 
loaded with 3kfi to Ground 




±7.2 




V 


RS-232 Output 
Leakage Current 


Tol 


V + = V = 0V 
Tout = ±15V 


-10 




+ 10 


HA 


RS-232 Input Threshold High 


VlH 






1.8 


30 


V 


RS-232 Input Threshold Low 


VlL 




0.6 


1.2 




V 


RS-232 Input Hysteresis 


VlHYS 






0.6 




V 


RS-232 Input Resistance 




T A = 25'C 


3 




7 


kn 


3-State Enable 


tEN 






3 5 




us 


3-State Disable 


tDS 






1.0 




US 


Transmitter Slew Rate 




R L = 3k£i, C L = 2500pF 


3 






V/us 


OPTOINTERFACE CHARACTERISTICS 


Input Pull-up Current 


IP 


T A = 25 - C 


2.5 


4 


6 


HA 


Input Pull-up Voltage Clamp 


VPCL 


w. r. t. ISO GND 




3 




V 


Input Threshold Voltage High 


VlH 






1.5 


2 


V 


Input Threshold Voltage Low 


VlL 




0.8 


1.2 




V 


Input Hysteresis Voltage 


VlHYS 






0.3 




V 



/H/JXI/H 
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ELECTRICAL CHARACTERISTICS: MAX251 (continued) 

(Test Circuit 1, See Figure 3, Ta = Full Temperature Range unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Output Source Current 


IPH 


Vout = 1 4V, T A = 25*C 


-12 


-7 


-5 


mA 


Output Voltage Low 


Vol 


Iout = 3.2mA 






0.4 


V 


Output Leakage 
Current, F)1ldr, R2ldr 


II 


(RTRI or Shutdown) = +5V 






10 


MA 


3-STATE CONTROL 


Pulldown Current 


Itpd 


V = GND 


10 


4 


1 


uA 


Threshold Voltage 


Vt 




06 


1.4 


2 


V 



Typical Operating Characteristics 



MAX251 V* SUPPLY 
VOLTAGE vs. 
LOAD CURRENT 





Ta = 
_5k$2 


>5X. IN 
TRANSr 


:luoin 

flITTER 


5 TWO 
.0ADS 


















v c 


;-5.5V 


vcc = 










CIRCUIT OFF 
-SCHOTTTRAti 
#67114760 


G. 3, 
SF0RM 


ER v cc 


= 5.0V 



10 20 30 40 
V* OUTPUT CURRENT (mA) 



MAX251 V" SUPPLY 
VOLTAGE vs. 
LOAD CURRENT 




-10 20 -30 -40 
V OUTPUT CURRENT (mA) 



<z 3 
o- 
> 
m 

■ 2 
1 



MAX251 V BYPASS 
vs. LOAD 



Vcc 


= 5.0V 


I 

LEDs OFF 














LEDs or 





























10 15 
LOAD (mA) 



MAX251 TRANSMITTER 

SLEW RATE 
vs. LOAD CAPACITANCE 



MAX250 PROPAGATION 
DELAY vs. TEMPERATURE 



MAX251 PROPAGATION 
DELAY vs. TEMPERATURE 



3.12 

:> 

Stl to 
S 



tf 











2.5nf F 


S-232 S 


PEC. LI 


MIT 












tn ' 




















,RL = 3 
SCH01 


<n. v cc 

T TRANS 


= 5.0V 
FORME 


1«711< 


1760 



2000 4000 6000 8000 10000 
LOAD CAPACITANCE (pF) 



400 
350 
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& 200 
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150 
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*cc = 


4 5V 
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TEMPERATURE ( C) 




-50 -25 25 50 75 100 125 
TEMPERATURE CC) 
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+5 V Powered 
Isolated RS-232 Drivers/Receivers 

Typical Operating Characteristics (continued) 



MAX251 TRANSMITTER 
SLEW RATE 
vs. TEMPERATURE 




-55 -25 25 50 75 100 125 
TEMPERATURE CC) 



" 1.5 



S 

5 0.5 



MAX250 D1, D2 
SWITCH FREQUENCY 
vs. TEMPERATURE 





Vcc 


= 5 5\ 


r 


— ■ 










A 5V 




/CC = 


5 0V 



























-55 -25 25 50 75 100 125 
TEMPERATURE CC) 



300 
250 
200 
7150 
100 
50 




MAX250 ENABLE, 

DISABLE TIME 
vs. TEMPERATURE 





V 


x = ' 


.5V 


























tEN 





















































-55 -25 25 50 75 100 125 
TEMPERATURE CC) 



POWER UP DELAY FROM 
MAX250 V cc TO MAX251 
TRANSMITTER OUTPUTS 



















































CC 


















I- 


































-v* 

BY 


AN 

PC 


J v- 
w>= 


CA 

4." 


PS = 
l»F 












- 








"T0UTL0AD = 
I I 


5k£J^ 
I 











TIME FROM SHUTDOWN 
TO POWER UP 



5V 








Vcc = 5V 

Tni iti n«n - ^it 




0\ 


' SHU 


roo 


WN 












1' 




























































V 



























































RTRI DELAY TIME 

TO RECEIVER 
OUTPUT ACTIVE 
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Pin Description 



MAX250 
LCC 
PIN# 


MAX250 
DIP & SO 
PIN# 


SYMBOL 


DESCRIPTION 


1 




N.C. 




2 


1 


SHDN 


Shutdown: When+5V, turns 
off the oscillator, disconnects 
driver input pull-up resistors 
and opens D1 , D2. For normal 
operation, ground shutdown. 


Q 


O 

c. 




upcjn urdin oi i rdfibioirTiyr 
Driver MOSFET 


4 


3 


TIldr 


Transmitter #1 LED Driver 


5 


4 


TliN 


TTL/CMOS Transmitter #1 
Input 


6 


- 


N.C. 




7 


5 


T2 IN 


TTL/CMOS Transmitter #2 
Input 


8 


6 


T2ldr 


Transmitter #2 LED Driver 


9 


- 


N.C. 




10 


7 


GND 


Ground 


11 




N.C. 




12 


8 


EN 


Output Enable: When +5V, 
Pins TIldr, T2 LD r, 
R1out and R2out go Hi 
impedance 


13 




N.C. 




14 


9 


FMout 


TTL/CMOS Receiver #1 
Output 


15 


10 


R1din 


Receiver #1 Detector Input 


16 




N.C. 




17 


11 


R2din 


Receiver #2 Detector Input 


18 


12 


R2out 


TTL/CMOS Receiver #2 
Output 


19 


13 


D2 


Open Drain of Transformer 
Driver MOSFET 


20 


14 


Vcc 


+5V Positive Supply Voltage 



MAX251 
LCC 
PIN# 


MAX251 
DIP & SO 
PIN# 


SYMBOL 


DESCRIPTION 


1 


- 


N.C. 




2 


1 


AC 


Anode of Input Power Supply 


3 


2 


V + 


PnQiti\/p innlv Oi itni it 
r uoilivc \->\jyjyj\y v-zuifJUL 

Terminal 


4 


3 


T1din 


Transmitter #1 Detector 
Input 


5 


4 


I £DIN 


Tranomittor HO r^oto/^tfir 
llailolIMLLtJI tt£1 L/cLcULUI 

Input 


6 


- 


N.C. 




7 


5 


R1ldr 


Receiver #1 LED Driver 


8 


6 


R2ldr 


Receiver #2 LED Driver 


9 




N.C. 




1 n 


7 


RVP 
DTr 


iruerridi vcc oypdbs roini 


11 




N.C. 




12 


8 


RTRI 


Receiver Output 3-State: 
When +5V, Receiver Outputs 

yu Ml HripeUdMOe 


13 




N.C. 




14 


9 


R2lN 


RS-232 Receiver #2 Input 


15 


10 


R1in 


RS-232 Receiver #1 Input 


16 




N.C. 




17 


11 


T2out 


RS-232 Transmitter #2 
Output 


18 


12 


T1out 


RS-232 Transmitter #1 
Output 


19 


13 


V 


Negative Supply Output 
Voltage 


20 


14 


ISO GND 


Isolated Ground 
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RCOSC 




DIV 


(300kHz ) 




BY 2 



MAX250 





Figure 1. MAX250 Block Diagram 



Figure 2. MAX251 Block Diagram 



Typical Applications 

Figure 3 shows the typical connection for a complete 
19.2k baud isolated RS-232 circuit. Figure 3 also shows 
how 4N26 optocouplers can be replaced by 6N136 
devices to achieve 90k baud rates. 

A recommended printed circuit board layout is shown in 
Figure 4. This may be modified for individual designs but 
two important factors should be considered. 1 .) To max- 
imize isolation, the "isolation line" through the center of 
Figure 4 should not be breached. Connections and com- 
ponents from one side should not be located near those 
of the other side. 2.) Since the optocoupler outputs are 
relatively high impedance nodes, they should be located 
as close as possible to the MAX250 and MAX251. This 
minimizes stray capacitance and maximizes data rate. 

When the MAX250's shutdown input (SHDN) is taken 
high , power is removed from the MAX25 1 , and the RS-232 
transmitter outputs (T1out, T2out) go to high impedance 
states. Timing plots in the Typical Operating Charac- 
teristics section show the turn-on and enable delays for 
various control functions. 

The circuit in Figure 4 has been laid out so that it can be 
used for either a one or two sided PC board. The lines 
that are thick from one IC pad to the next IC pad are on 
the bottom side. Lines that are broken by a thin line can 



either go on the top side of the board or on the bottom 
side with jumpers where the thin lines appear. At no time 
should any lines cross the middle of the board at the 
isolation barrier. 

The MAX250 and MAX251 have a logic inversion in the 
optocoupler when using the standard configuration. For 
applications where no inversion is required, or more LED 
drive current is needed, Figure 5 shows the output struc- 
ture of the LDR output. The LDR output can typically 
source 7mA and sink 25mA. Because of the higher sink- 
ing capability, a current limiting resistor is required. 

Detailed Description 

The MAX250 and MAX251, together with four op- 
tocouplers and a transformer, form an isolated dual 
RS-232 transmitter and receiver (See Figure 3). The 
MAX250 connects to the non-isolated or "logic" side of the 
interface, translating logic signals to and from the op- 
tocouplers, while the MAX251 resides on the isolated or 
"cable" side, translating data between the optocouplers 
and RS-232 line drivers and receivers. In addition to the 
optocoupler drivers and receivers, the MAX250 also con- 
tains isolation transformer drive circuitry which supplies 
power to the isolated side of the interface, and the 
MAX251. 



yuvixiyi"! 



6-23 



+5 V Powered 

Isolated RS-232 Drivers/Receivers 



+5V- 



TTL/CMOS 
INPUTS 



TTL/CMOS 
OUTPUTS 



CONTROL 



D1 

MAX250 Vcc 
02 
'lob 



TIlN T1 L | 




EN 

SHUTDOWN 
GND 



1:1 TRANSFORMER 
SEE TABLES 2 AND 3 



IN4148 
-<h~ 



3^ B 



3 

i3 



luF 



c: 



4X4N26 



47nFj 



RlLBL^ 



R2lDR 



RTRI 
ISO GND 



-10VOUT 



I RS-232 
I OUTPUTS 



. RS-232 
INPUTS 



6N1 36 HIGHER SPEED ALTERNATE 
OPTOCOUPLER 

BYP 
-*0R 



LDR< 
GND* 



33* 




X7 



Figure 3. Isolated RS-232 Interface 




■ T10UT 
T20UT 
R1lN 
R2| N 
RTRI 
ISO GND 



Figure 4. Recommended PC Board Layout for Dual Channel, Optoisolated, Self-Powered RS-232 
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+5V 



+5V 



+5V 




RL 



LDR 



INVERTING 



NONINVERTING 



Figure 5. LDR Output Structure 



MAX250 



The MAX250 contains four identical noninverting drivers 
whose outputs may be used either as optocoupler LED 
drivers or as TTL/CMOS logic outputs. Each driver input 
(T1 in, T2in, R1 din, R2din) has a "weak" 4\iA internal pull-up 
current source, and 0.5V of hysteresis to improve noise 
rejection. The input logic thresholds conform to standard 
TTL/CMOS specifications. 

In normal operation, the MAX250 driver outputs (T1ldr, 
T2ldr, R1out, R2out) source 7mA via internal current 
sources and do not require limiting resistors when driving 
grounded optocoupler LEDs or CMOS/TTL logic inputs. 
The outputs can also sink up to 25mA when the current 
is limited by external resistors. 

D1 and D2 are open-drain N-Channel MOSFETs which 
drive an external isolation transformer in push-pull fashion 
at 150kHz with a 50% duty cycle. A 1 :1 transformer turns 
ratio provides a 10V peak-to-peak output at the secon- 
dary. Specifications and suitable manufacturer's part 
numbers for this transformer are listed in Tables 2 and 3. 
No transformer snubbers are required because D1 and 
D2 are protected against switching transients by internal 
13.5V zener clamp diodes as shown in Figure 1 . 

The MAX250 functions also include an output enable 
control (EN) and a SHUTDOWN pin (SHDN). EN puts all 
driver outputs into a high impedance state when driven 
high. SHDN, when pulled high, disables the following 
MAX250 functions: 

1. ) Disables D1 and D2; 

2. ) Turns off the oscillator; 

3. ) Shuts off 4\iA pull-up currents at driver inputs; 

4. ) Resets driver outputs to a low state; 

5. ) Lowers power consumption to 5^W. 



MAX2S1 

The MAX251 connects to the "cable" side of the RS-232 
interface and includes two line drivers and receivers 
along with circuitry to translate these levels to op- 
tocoupler signals. The RS-232 inputs (R1in, R2in) and 
outputs (T1out, T2out) completely conform to all EIA 
RS-232C and CCITT V.28 specifications. The receiver 
outputs (R1ldr, R2ldr) source 7mA and can drive 
optocoupler inputs without external current limiting 
resistors. The MAX251 transmitter inputs (T1din, 
T2din) contain 4|xA internal pull-ups which allow direct 
connection to optocoupler output transistors, again 
without external resistors. 

When the MAX251's RTRI input is pulled high, the 
receiver outputs (R1ldr, R2ldr) are disabled and go to a 
high impedance state. In normal operation, this pin is left 
open or grounded. 

Optocoupler Limitations 

In Figure 3, the 4N26 optocouplers are connected in 
"diode mode" to optimize cost and data rate. While 
Current Transfer Ratio (CTR) is generally unspecified for 
this configuration, optocouplers from several manufac- 
turers have been successfully tested in this circuit. The 
MAX250/MAX251 require a minimum optocoupler cur- 
rent transfer ratio of 0.12%, but may exhibit data rate 
limitations from the combined effect of higher 
MAX250/MAX251 drive and high optocoupler CTR. 

The 6N136 optocouplers, shown in the inset in Figure 3 
and listed in Table 1, operate in phototransistor mode, 
with limiting values of CTR specified by the manufac- 
turers. 

If further information is required, please contact Maxim 
Applications. 
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Component Selection 

Optoisolators diode-to-diode mode (base tied to the emitter). When the 
MAX250/251 is used with the 6N136, a 90k baud rate can 
Optoisolator manufacturers are listed in Table 1 for easy be acn ieved when a 4kQ pull-up resistor to 5V is used 
selection. The MAX250/251 combination can be used on pin 6 of the 6N 136. 
with a 4N26 to obtain a 19.2k baud rate when used in the 



Table 1 . Manufacturers of Optoisolators 



PART NO. 


MFGS 


SUGGESTED 

Rl 


Vios 
(Vpk) 


TYP. PROP 

tpHL 


tpLH 


4N25 


MOT,PHL,QT,SM,TRW* 


NONE 2 


2500V 


14ns 


6.3ns 


4N26 


MOT,PHL,QT,SM,TRW 


NONE 2 


1500V 


14ns 


4.3ns 


6N136 


HP.QT.TRW 


4K 


2500V 


1.8ns 


i.5ns 



■ MOT= Motorola Inc. (303) 337-3434 
PHL= Phillips (401) 232-0500 

QT = Quality Technologies (General Instrument) (415) 493-0400 

SM = Siemens Components (408) 257-7910 

TRW= TRW Electronic Components Group (214) 323-2200 



Note 1 : This list does not constitute an endorsement by Maxim Integrated Products and is not intended to be a comprehensive list of 

all manufacturers of these components. 
Note 2: When used with a MAX250/251 . 

Transformers 

Table 2 is a list of transformer characteristics that should MAX250/251 chip set. The list includes both transformers 
be used to customize your own transformer. Table 3 is a that are small and more expensive and transformers that 
list of transformers that are compatible with the are larger and less expensive. 



Table 2. Transformer Characteristics 



Pri. Inductance 


1mHto2.5mH 


Pri. Leakage Inductance 


30nH 


Turns Ratio 


1 :1 Pri. center tapped 


ET 


sov-ns 


Switching Frequency 


150kHz 


Interwinding Capacitance 


< 100pF 


DC Resistance 


<2ii 


Ipk 


300mA 


Dielectric Strength 


> 1500 VAC/1 sec. 
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Table 3. Transformers Selection for Common Designs 


MANUFACTURERS 


LESS EXPENSIVE 


SMALL 


BH ELECTRONICS 
604 Michigan Rd. 
Marshall, MN 56258 
(507) 532-321 1 


Q6471-1 


Q6471-2 


MINI-MAGNETICS 
1100 Fulton Place 
Fremont, CA 94539-7077 
(415) 490-7500 


MM2757 


MM2758 


SCHOTT Corporation 
1 000 Parkers Lake Rd. 
Minneapolis, MN 55391 
(612)475-1173 


67114760 


67117970 



Note 1 : This list does not constitute an endorsement by Maxim Integrated Products and is not intended to be a comprehensive list of 
all manufacturers of these components. 



Chip Topographies 

MAX250 MAX251 




v- ISO 
GND 

0.070" 

(1.778mm) 



Maxim cannot assume responsibility lor use ol any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied. 
Maxim reserves the right to change the circuitry and specilications without notice at any time. 
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General Description 

The MAX252 complete, electrically isolated dual RS-232 
transmitter/receiver systems require no external compo- 
nents. By combining many functions in one package, the 
cost and complexity of an isolated digital interface are 
greatly reduced. 

A single +5V supply powers both sides of the interface. 
Transceivers, optocouplers, and a transformer in one 
low-cost package provide a complete interface up to 
9600 bits/sec. Additional pins provide low-power shutdown 
and a high impedance state for both transmitter outputs. 

The MAX252A withstands 130Vrms (continuous), 
1 260Vrms ( 1 minute) or 1 520Vrms ( 1 sec) and is intended 
for applications where very high transient voltages, dif- 
ferential ground potentials or noise may be encountered. 
UL recognition is pending. The MAX252B is intended for 
less stringent applications and is rated for 500Vrms 
(1 minute) or 600Vrms (1 sec). 

Receivers and line drivers (transmitters) meet EIA 
RS-232D and CCITT V.28 specifications. The MAX252 
are supplied in 40-pin plastic DIP packages in commer- 
cial (0°C to +70°C) and extended (-40°C to +85°C) tem- 
perature ranges. 

Applications 

High Noise Environments 
Industrial Controls 
Differential Ground Potentials 
Typical Application 



+5V- 



UP Dala Bus 



T 











DATA 


I 


UART 




MAX252 




HANDSHAKE 











LOGIC 
SIDE 



I 



CABLE 
SIDE 



ISOLATION 
BARRIER 



Isolated u.P lo RS-232 Interlace 



♦ Isolated Data Interface 

♦ No External Components 

♦ Single +5V Supply 

♦ 50u.W Low-Power Shutdown 

♦ Two Transmitters and Two Receivers 

♦ UL Recognition Pending (MAX252A) 



Features 



| 

10 



.Ordering Information 



PART 


TEMP. RANGE 


PIN-PACKAGE 


MAX252ACHL 


<rc 


to 


+70'C 


40 Plastic 


Module 


MAX252BCHL 


o*c 


10 


+70'C 


40 Plastic 


Module 


MAX252AEHL 


-40"C 


10 


+85"C 


40 Plastic 


Module 


MAX252BEHL 


-4CTC 


to 


+85*C 


40 Plastic 


Module 



Pin Configuration 



Top View 



R1out[T 
D2[2 
SHDN[3 
D1 [T 
VccQ> 

T2LDR [6 

T2in[7 
tiin[| 

T1LDR Q) 
GND[k> 
EN[n 
R20UT Q2 

R2DIN [13 

R1oin[v4 
TILED Q| 

LED COM Qi 
T2LED Q7 
R10ET fj8 

DET COM [19 
R2DET (JB 



MXXSM 

MAX252A 
MAX252B 



AC 
V- 

ISOGND 
Vt 

T10UT 

T20UT 

R1IN 

R2in 

V+ 

BYP 

R2LDR 

R1LDR 

T20IN 

T1DIN 

TlDET 

ISO DET COM 

T2DET 

RUED 

ISO LED COM 
R2LED 



/v\/\y(.\/v\ 

/Koixiyfi is a registered trademark of Maxim Integrated Products. 
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LED Forward Continuous Current (Pins 15, 17. 21. 23) . . .30mA 
Power Dissipation 

Plastic DIP (Derate 10mW/"C above +70 = C) 650mW 

Storage Temperature +150*C 

Lead Temperature (Soldering, 10 sec.) -65°C to +300"C 



ABSOLUTE MAXIMUM RATINGS 

Voltages with respect to GND (pin 1 0) 

Supply Voltage, Vcc -0.3V to +6V 

Input Voltage 

Pins 3, 7, 8, 11, 13, 14, 18, 20 -0.3V to (Vcc +0.3V) 

Voltages with respect to ISO GND (pin 38) 

RS-232 Input Voltage (pins 33, 34) -30V to +30V 

RS-232 Applied Output Voltage (pins 35, 36) . . -15V to +15V 

Pins 32, 37 (V*) +15V 

Pins 24, 26, 31 V+ 

RS-232 Transmitter outputs may be shorted individually and 
indefinitely to ISO GND. 

Stresses beyond those listed under 'Absolute Maximum Ratings' may cause permanent damage to the device These are stress ratings only, and functional 
operation of the device at these or any other conditions beyond those indicated in the operational section of the specification is not implied. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS 

(Vcc = +5V ±10%, Ta = Full Temperature Range, unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN TYP MAX 


UNITS 


ISOLATION (Note 1) 


Test Voltage 


VlSO 


Ta = +25°C 
MAX252A 

MAX252B 


1 sec. 

1 minute (Note 2) 
Continuous (Note 2) 
1 sec. 

1 minute (Note 2) 


1520 
1260 
130 
600 
500 


Vrms 


Leakage Current 




10 seconds, Viso = 500VRMS. 60Hz 
Ta = +25*C 


10 50 


uArms 


Isolation Resistance 
Capacitance 




Ta = +25°C 
500VDC 
OV 


10 10 
10 


£} 

PF 


POWER SUPPLY 


Operating Supply Current 


ice 


Ta = +25'C, SHDN = 0V 


130 


mADC 


Shutdown Supply Current 


ICS 


SHDN = 1 


1 10 


HA 


EN, SHDN Input Current 


I EN. 
ISHDN 


Input = GND to Vcc 


0.001 1 


HA 


TTL/CMOS INPUTS/OUTPUTS 


TTL/CMOS Input Pull-up Current 


IP 


Vin = OV 


4 20 


uA 


TTL/CMOS Output Voltage Low 


Vol 


lOUT = 3.2mA 


0.4 


V 


TTL/CMOS Output Voltage High 


Voh 


lour = -1.0mA 


3.5 


V 


Input Logic Threshold High 


Vim 


T1|N. T2in, EN, SHDN 


1.8 2.4 


V 


Input Logic Threshold Low 


Vil 


T1in. T2in, EN, SHDN 


0.8 1.3 


V 


Input Hysteresis 




T1in. T2in 


0.5 


V 


Leakage Current, 
Output Disabled 


lL 


T1in, T2in; EN or SHDN = Vcc 


10 


MA 


Input Capacitance 


ClN 


T1in, T2in 


5 


PF 



Note 1 : Pins 1 through 20 tied together and pins 21 through 40 tied together. 
Note 2: Value derived from 1 second test. 
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ELECTRICAL CHARACTERISTICS (continued) 

(Vcc = +5V ±10%, Ta = Full Temperature Range, unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


MIN TYP MAX 


UNITS 


RS-232 CHARACTERISTICS 


RS-232 Output Voltage Swing 


Vpp 


T10UT, T20UT, 

Rl = 3kC2 to ISO Ground 


±5 ±7.2 


V 


RS-232 Output Leakage Current 




V+ = V- = 0V or SHDN = Vcc. 
T10UT. T20UT = +15V 


-10 +10 


»A 


RS-232 Input Threshold High 




R1lN, R2in 


1.8 3.0 


V 


RS-232 Input Threshold Low 




R1IN. R2lN 


0.6 1.2 


V 


RS-232 Input Hysteresis 




R1IN, R2|N 


0.6 


V 


RS-232 Input Resistance 




R1IN, R2in. Ta = +25'C 


3 7 


kfi 


Transmitter Output Slew Rate 


SR 


Rl = 3kS2, Cl = 2500pF Sample Tested 
Measured from +3v to -3V or -3V to +3V 


3 30 


V/ns 


Propagation Delay 


tR 
tT 


RS-232 to TTL 
TTL to RS-232 


24 
20 


m 


Transmission Rate 




Sample Tested 
Rl = 3k£2 
Cl = 2500pF 


9600 


Bits/s 



Typical Operating Circuit 



TTL IN 




TTL OUT 



12 



9 

QE 

UL 

18 

m 

20 

□n 
10 

19 



IS0-PWR 



R10UT 



R20UT 



T1LDR 
TILED 
T2LDR 
T2LED 
R1DET 
R1DIN 
R2DET 
R2DIN 
GND 

LED COM 
DET COM 



MAX252 



V- 
BYP 



T10UT 



T20UT 



R1lN 



R2in 



T1DIN 
T1DET 
T2DIN 
T20ET 
RlLDH 
RUED 
R2LDR 



R2LED 5] 



ISO 

iso 



ISO GND 
DET COM 
LED COM 



JO 
37.32 



ISOLATION BARRIER 



V 



RS-232 OUT 



RS-232 IN 
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Typical Operating Characteristics 



MAX252 TRANSMITTER 
SLEW RATE 
vs. TEMPERATURE 
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PIN# 


NAME 


FUNCTION 


1 


R10UT 


Receiver #1 Output; TTL/CMOS logic 
levels 


2 


D2 


Internal Connection. Leave this pin 
unconnected. Do not ground. 


3 


SHDN 


Shutdown. When high, turns off the 
oscillator and disconnects driver in- 
puts. Ground for normal operation. 


4 


D1 


Internal Connection. Leave this pin un- 
connected. Do not ground. 


5 


VCC 


+5V Supply Voltage 


6 


T2|_DR 


Transmitter #2 LED Driver 


7 


T2iN 


Transmitter #2 Input; TTL/CMOS logic 
levels 


8 


TIlN 


Transmitter #1 Input; TTL/CMOS logic 
levels 


9 


T1LDR 


Transmitter #1 LED Driver 


10 


GND 


Ground 


11 


EN 


Output Enable. It High. T1|_DR, 
T2ldr, R10UT. and R20UT go to high 
impedance state. Ground for normal 
operation. 


12 


R20UT 


Receiver #2 Output; TTL/CMOS logic 
levels 


13 


R2DIN 


Receiver #2 Detector Input 


14 


R1DIN 


Receiver #1 Detector Input 


15 


TILED 


T1 LED Anode Input 


16 


LED COM 


Common TILED, T2LED Cathode. Tie 
to Ground. 


17 


T2LED 


T2 LED Anode Input 


18 


R1DET 


R1 Photodiode Cathode Output 


19 


DET COM 


Common R1 det, R2det Anode. Tie 
to Ground. 


20 


R2DET 


R2 Photodiode Cathode Output 



Pin Description 



PIN # 


NAME 


FUNCTION 

I Ullv I Iwll 


21 


R2LED 


R2 LED Cathode Input 


22 


ISO LED 

L,U!VI 


Common R1led, R2led Cathode. Tie 
to Isolated Ground. 


23 


R1LED 


R1 LED Cathode Input 


24 


T2DET 


T2 Photodiode Anode Output 


25 


ISO DET 
COM 


Common T1det. T2det LED Anode. 
Tie to Isolated Ground 


26 


T1DET 


T1 Photodiode Anode Output 


27 


T1DIN 


Transmitter #1 Detector Input 


28 


T2DIN 


Transmitter #2 Detector Input 


29 


R1LDR 


Receiver #1 LED Driver 


30 


R2LDR 


Receiver #2 LED Driver 


31 


BYP 


Internal Connection. Leave this pin un- 
connected. Do not ground. 


32 


V+ 


Isolated Positive Supply 


33 


R2|N 


RS-232 Receiver #2 Input 


34 


R1IN 


RS-232 Receiver #1 Input 


35 


T20UT 


RS-232 Transmitter #2 Output 


36 


T10UT 


RS-232 Transmitter #1 Output 


37 


V+ 


Isolated Positive Supply 


38 


ISO GND 


Isolated Ground 


39 


V- 


Isolated Negative Supply Voltage 


40 


AC 


Internal Connection. Leave this pin 
unconnected. Do not ground. 
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Complete +5V-Powered Isolated 
Dual RS-232 Transceiver Module 



Isolation Applications 

The MAX252 is intended for industrial communications 
and control applications where voltage transients, differ- 
ential ground potentials or high noise may be encoun- 
tered. The MAX252A withstands 130Vrms (continuous), 
1260Vrms (1 minute) or 1520Vrms (1 second). For less 
stringent applications, the MAX252B is rated at 500Vrms 
(1 minute) or 600Vrms(1 second). For applications requir- 
ing higher isolation ratings or transmission rates, Maxim 
recommends the MAX250 and MAX251 device set, which 
uses external optocouplers and transformer. 

Figure 1 shows the typical interconnection for a complete 
9600 bits/s transceiver. Important layout considerations 
include: 

* for maximum isolation, the "isolation line" through 
the center of Figure 1 should not be breached; connec- 
tions from each side should be kept separate. 

* optocoupler outputs (pins 18, 20, 24, and 26) are 
high impedance nodes, so connecting traces should be 
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Figure 1. Typical Interconnections 
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as short as possible to minimize stray capacitance and 
maximize data transfer rate; shunt capacitance seen by 
each pin should not exceed 10pF. 

The MAX252 pinout enables optimal printed circuit board 
layout by minimizing interconnect lengths and cross- 
overs. Figure 2 shows the preferred layout, which is 
strongly recommended for 9600 bits/s applications. Note 
the position of the ground traces, particularly the protec- 
tion of pin 20 by the wraparound from pin 19. 

Isolation Example 

Figure 3 illustrates how to isolate an existing RS-232 
interface by inserting a MAX252 and MAX233 in series. 
Both devices invert while translating RS-232 to TTL and 
TTL to RS-232 levels. Since there is no net inversion, the 
circuit functions like two "plain pieces of wire", but with 
1520Vrms (at 1 sec) isolation between the ports. 

Detailed Description 



The MAX252 contains two integrated circuits, four op- 
tocouplers, four capacitors, two diodes, and a small 
transformer. Together, these provide a complete, iso- 
lated, dual RS-232 transmitter and receiver. The non-iso- 
lated or "logic" side of the interface transfers logic signals 
to and from the optocouplers, while the isolated or "cable" 
side transfers data between the optocouplers and RS-232 




Figure 2. Preferred Layout 
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Complete +5V-Powered Isolated 
Dual RS-232 Transceiver Module 
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Figure 3. RS-232 Isolation Adapter from a Single 5V Supply 



transmitters (line drivers) and receivers. The MAX252 
also contains an isolation transformer and drive circuitry 
to supply power to the isolated side of the interface. 

On the logic side of the MAX252 are four identical non- 
inverting drivers whose outputs may be used either as 
optocoupler LED drivers or as TTL/CMOS logic outputs. 
Each driver input (T1 in, T2in, R1din. R2din) has a "weak" 
4|iA internal pull-up current source, and 0.5V hysteresis 
to improve noise rejection; logic thresholds for the driver 
inputs conform to standard TTL/CMOS specifications. 

The RS-232 side of the interface includes two line drivers 
and receivers along with circuitry to translate these levels 
to optocoupler signals. The RS-232 inputs (R1in, R2in) 
and outputs (T1out, T2out) conform to El A RS-232D and 
CCITT V.28 specifications. The inputs to the RS-232 line 
drivers (T1 din, T2din), which are normally strapped to the 
internal optoisolators, are TTL/CMOS compatible. 



Also included are an OUTPUTENABLE control (EN) and 
a SHUTDOWN pin (SHDN). EN places all driver outputs 
in a high impedance state when driven high. SHDN, 
when pulled high, performs the following functions: 

1) turns off the 130kHz oscillator, removing power 
from the RS-232 side of the interface; 

2) places T1out and T2out in a high impedance state: 

3) disables the 4\iA pull-up currents at the logic-side 
driver inputs (T1 in, T2in, R1din. R2din); 

4) resets logic-side driver outputs (T1ldr, T2ldr, 
R1out, R2out) to LOW; 

5) reduces power consumption to 50(iW. 

Module Product Reliability 

For reliability data on Maxim's Module Product Line, see 
Reliability Report RR-3A following this data sheet. 
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Complete +5V-Powered Isolated 
Dual RS-232 Transceiver Module 



MAX 252 Block Diagram 
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Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied. 
Maxim reserves the right to change the circuitry and specifications without notice at any time. 
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Module Product Reliability Report 



Quality and 

Reliability Considerations 

Extensive reliability testing is performed on all 
Maxim products to ensure prolonged operational 
life. Quality and reliability tests are performed 
under conditions which equal or exceed normal 
operation. These tests are designed to accelerate 
any possible failure modes that could occur during 
normal product life. 

Although packaged in standard outline plastic 
molded DIP packages, Maxim isolated RS232 
transceiver modules exhibit certain differences 
compared to monolithic ICs. For example, multiple 
components such as optocouplers and miniature 
transformers are included within the package. For 
this reason, Maxim issues separate reliability re- 
ports for-module products. 



Maxim's goal is to build opto-isolated module prod- 
ucts which are more reliable than encapsulated 
opto-isolatorsfrom leading suppliers. Although our 
reliability program is based on an industry-wide 
survey of opto-isolator manufacturers, Maxim's 
testing is more stringent in several areas. 

The data in Table 1 were recorded for pre-produc- 
tion units of MAX252ACHL. Note that Life Test 
failures were due to assembly-related defects: the 
cause has been identified and corrective action 
taken. Updates will be issued as more data be- 
comes available. 

For reliability data on Maxim's standard monolithic 
products, see Reliability Report RR-1 . For reliability 
data on surface mount products, see Reliability 
Report RR-2. 



Table 1 : Reliability Data For MAX252 



TEST NAME 


TEST CONDITIONS 


# OF UNITS 
TESTED 


FAILURES 


Life Test 


125°C, 1000 hours, biased 


80 


2* 


Temperature Cycle 


-65'C to +150°C, 100 cycles, 
Dwell = 15 minutes 


62 





Thermal Shock 


0°Cto+100°C, 100 cycles, 
Dwell = 10 minutes 


15 





Solderability 


Sn63/Pb37 solder, T = 245°C, 
Dwell = 5 seconds 


25 





Resistance to 
Solvents 


One minute immersion, then brushing; repeat 3 
times 


25 





Physical Dimension 


Per package drawing 


5 





Lead Fatigue 


Bend a lead 90° three times 


5 






* Both Life Test failures were due to assembly-related defects: corrective action has been taken. 



Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied. 
Maxim reserves the right to change the circuitry and specifications without notice at any time. 
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Analog Filters 



MAX270 Digitally Programmed, Dual 2nd-Order Continuous Lowpass Filter 7-1 

MAX271 Digitally Programmed, Dual 2nd-Order Continuous Lowpass Filter 7-1 

MAX281 5th-Order, Zero-Error, Bessel Switched-Capacitor Lowpass Filter 7-3 



D 
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ADVANCE INFORMATION 

Digitally Programmed, 
Dual 2nd-Order Continuous Lowpass Filters 



General Description 

The MAX270/MAX271 are digitally programmed, dual 
2nd-order continuous-time lowpass filters. Typical 
dynamic range of the filters is 96dB, surpassing most 
switched capacitor filters which require additional filter- 
ing for removal of clock noise. The MAX270/MAX271 are 
ideal for anti-aliasing and DAC smoothing applications 
and can be cascaded for faster rolloff. 

The two filter sections are independently programmable 
either by microprocessor (\iP) control or pin strapping. 
Cutoff frequencies in the range of 1kHz to 25kHz can be 
programmed. 

The MAX270/MAX271 differ in two respects. The 
MAX270 has an on-board uncommitted op amp, while 
the MAX271 has an internal Track-and-Hold (T/H). Also, 
the MAX270/MAX271 differ slightly in their control 
programming. 



Applications 



Anti-Aliasing Filters 

DAC Output Smoothing Applications 

Low-Noise Applications 



Typical Operating Circuit 
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Features 



S 

i 

s 

Pin Configurations 



♦ Dual 2nd-Order Continuous Lowpass Filters 

♦ No External Components 

♦ Sections Independently Programmable: 
1kHz to 25kHz 

♦ Continuous-Time Filters - No Clock Required 

♦ 96dB Dynamic Range 

♦ Cascadable for Higher Order 



TOP VIEW 
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5th-Order, Zero-Error, Bessel Lowpass Filter 

General Description 



The MAX281 is a 5th-order all-pole instrumentation 
lowpass filter with no DC error. The filter uses an 
external resistor and capacitor to isolate the integrated 
circuit from the DC signal path, thus providing DC 
accuracy. 

The external resistor and capacitor together with the 
on-chip 4th order switched capacitor filter form a 5th- 
order Bessel lowpass filter. Bessel lowpass filters 
provide linear phase (constant group delay) response 
from DC to beyond the filter cutoff frequency, with 
some reduction in stopband attenuation. 

The filter cutoff frequency is set by a clock which can be 
either internally generated or externally provided. The 
clock to cutoff frequency ratio of 101 allows easy 
removal of clock ripple. 

MAX281A provides tighter specfications than the 
MAX281B for internal clock oscillator frequency and 
buffer amplifier offset voltage. 

MAX280 is available for applications requiring a 
maximally flat (Butterworth) amplitude response. 

Applications 



Anti-Aliasing Filters 
Data Loggers 
Digital Voltmeters 
Weigh Scales 
Strain Gauges 



typical Operating Circuit 
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♦ Bessel Lowpass Filter with No DC Error 

♦ Low Passband Noise 

+ DC to 20kHz Cutoff Frequency 

♦ 5th-Order All-Pole Bessel Response 
+ Internal or External Clock 

+ Cascadable for Higher Order Rolloff 

+ Buffered Output Available 

♦ 8-Pin DIP or 16-Pin Wide SO Packages 

Ordering Information 



PART 


TEMP. RANGE 


PIN-PACKAGE 


MAX281ACPA 


0°Cto +70° C 


8 Plastic DIP 


MAX281 BCPA 


0°Cto +70° C 


8 Plastic DIP 


MAX281 ACWE 


0°Cto +70° C 


16 Wide SO 


MAX281 BCWE 


0°Cto +70° C 


16 Wide SO 


MAX281C/D 


0°Cto +70° C 


DICE 


MAX281 AEPA 


-40° 


C to +85° C 


8 Plastic DIP 


MAX281BEPA 


-40°Cto +85° C 


8 Plastic DIP 


MAX281 AEWE 


-40° 


Cto +85° C 


16 Wide SO 


MAX281BEWE 


-40° 


Cto+85°C 


16 Wide SO 


MAX281AMJA 


-55°Cto+125°C 


8CERDIP 


MAX281BMJA 


-55°Cto+125°C 


8 CERDIP 


Pin Configurations 










TOP VIEW 
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. Analog Multiplexers 



MAX328 Ultra-Low Leakage Monolithic CMOS Analog Multiplexer 8-1 

MAX329 Ultra-Low Leakage Monolithic CMOS Analog Multiplexer 8-1 

MAX368 Fault Protected 8 Channel Latched Multiplexer 8-3 

MAX369 Fault Protected 8 Channel Latched Multiplexer 8-3 

MAX378 High Voltage. Fault-Protected Analog Multiplexer 8-15 

MAX379 High Voltage, Fault-Protected Analog Multiplexer 8-15 

MAX453 2 Channel 50MHz Video Multiplexer/Amplifier 4-41 

MAX454 4 Channel 50MHz Video Multiplexer/Amplifier 4-41 

MAX455 8 Channel 50MHz Video Multiplexer/Amplifier 4-41 
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Ultra-Low Leakage 
Monolithic CMOS Analog Multiplexers 



General Description 

The MAX328/MAX329 are monolithic CMOS analog mul- 
tiplexers. The MAX328 is a single-ended, 1-of-8 device, 
and the MAX329 is a differential, 2-of-8 device. 

Designed to provide the lowest possible "on" and "off" 
leakages, these multiplexers are effective in switching 
signals from high source impedance, provided the mux 
operates into a high input impedance op amp or A/D 
converter. The MAX328 and MAX329 are pin-for-pin 
replacements for the popular DG508/DG509 in these 
applications. 

Adding an external 40k£i resistor to each input of a 
MAX328/MAX329 makes an excellent fault-tolerant mul- 
tiplexer. Low leakage (less than 1 pA at 25°C) and 2.5kQ 
on resistance allow the circuit to sustain 1 10V AC faults 
indefinitely while maintaining an error of less than 43nV 
for normal signals (i.e., 1pA times 43kQ). 

The MAX328/MAX329 work equally well with a single 
supply of 10V to 30V or dual supplies of ±5V to ±18V. 
They also perform well with unbalanced combinations of 
supply voltage such as +12V and -5V or +5V and -15V. 
Low power dissipation (1.9mW with ±15V supplies) 
enables use of the multiplexers in portable applications. 

Applications 



Control Systems 
Data Logging Systems 
Aircraft Heads-Up Displays 
Data Acquisition Systems 
Signal Routing 

Typical Operating Circuit 
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Features 

♦ Ultra-Low "Off" and "On" Leakage: 1pA Typ 

♦ Bi-Directional Operation (Use as Mux or Demux) 

♦ TTL and CMOS Logic Compatibility 

♦ Analog Signal Range Includes Power-Supply 
Rails 

♦ Switching Speeds Less Than 1 .5u.s 

♦ Pin Compatible With DG508/DG509 and 
MAX358/MAX359 

♦ Latch-Up Proof Construction 

Ordering Information 



PART 


TEMP. RANGE 


PIN-PACKAGE 


MAX328CPE 


0°Cto +70°C 


16 Plastic DIP 


MAX328CWE 


0°C to +70°C 


16 Wide SO 


MAX328CJE 


0°C to +70°C 


16 CERDIP 


MAX328C/D* 


0°C to +70°C 


Dice 


MAX328EPE 


-40°Cto +85°C 


16 Plastic DIP 


MAX328EWE 


-40°Cto +85°C 


16 Wide SO 


MAX328EJE 


-40°Cto +85°C 


16 CERDIP 


MAX328MJE 


-55°Cto +125°C 


16 CERDIP 



* Contact factory for availability. 

** Substrate may be allowed to float or be tied to V+. 

Ordering information for MAX328 only. 



Pin Configurations 



Top View 
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Fault-Protected 
Analog Multiplexer with Latch 



General Description 

Maxim's MAX368/369 are 8 channel single-ended (1 of 
8) and 4 channel differential (2 of 8) fault-protected 
multiplexers with on-chip data latches. Using a series 
N-channel, P-channel, N-channel structure, these multi- 
plexers provide significantly inproved fault protection 
over previous devices. If power to the multiplexers is 
removed while input voltages are still applied, all chan- 
nels turn off, allowing only a few nanoamperes of leakage 
current to flow in the inputs. This not only protects the 
multiplexer and the circuitry connected to the output, but 
also protects the sensors or signal sources which drive 
the multiplexer inputs. 

When an overvoltage signal of up to ±35V is applied to 
an analog input of a Maxim fault-protected multiplexer, 
that input channel turns off. If the overvoltage is applied 
to an on channel, the multiplexer output is clamped to 
less than its power supply voltage, thereby protecting 
sensitive circuitry that may be connected to the multi- 
plexer output 

All channel selection and control inputs are fully com- 
patible with both TTL and CMOS logic levels. In addition, 
break-before-make switch operation is guaranteed and 
typical power dissipation is less than 7 milliwatts, which 
makes the MAX 368/369 ideally suited for portable equip- 
ment usage. 

Applications 

Data Acquisition Systems 
Industrial Process Control Systems 
Avionics Test Equipment 
Signal Routing Between Systems 
Computer Controlled Analog Data Logging 

Typical Operating Circuit 
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Input Protected Differential Input 
Data Acquisition System 



Features 



♦ All Switches Off with Power Supplies Off 

♦ Overvoltage Protection up to ±35V 

♦ Only Nanoamperes of Input Current under All 
Fault Conditions 

♦ Latch-Up Proof Construction 

♦ Operates from ±4.5 to ±18V Supplies 

♦ All Digital Inputs are TTL and CMOS 
Compatible 

♦ Internal Data Latches for Channel Selection 

Ordering Information 



PART 


TEMP. RANGE 


PACKAGE 


MAX368C/D 


0°C to +70°C 


Dice 


MAX368CPN 


0"C to+70'C 


18 Lead Plastic DIP 


MAX368CJN 


0"C to +70 C 


18 Lead CERDIP 


MAX368CWN 


lYC to +70'C 


18 Lead Wide SO 


MAX368EPN 


-40'C to +85'C 


18 Lead Plastic DIP 


MAX368EJN 


-40"C to +85'C 


18 Lead CERDIP 


MAX368EWN 


-40'C to +85'C 


18 Lead Wide SO 


MAX368MJN 


-55°C to +125°C 


18 Lead CERDIP 


MAX369C/D 


O'C to +70 C 




MAX369CPN 


0"C to +70'C 


18 Lead Plastic DIP 


MAX369CJN 


O'C to +70"C 


18 Lead CERDIP 


MAX369CWN 


O'C to +70'C 


18 Lead Wide SO 


MAX369EPN 


-40'C to +85'C 


18 Lead Plastic DIP 


MAX369EJN 


-40"C to +85"C 


18 Lead CERDIP 


MAX369EWN 


-40°C to +85"C 


18 Lead Wide SO 


MAX369MJN 


-55'C to + 125'C 


18 Lead CERDIP 


Pin Configurations 



Top View 
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Fault-Protected 

Analog Multiplexer with Latch 



ABSOLUTE MAXIMUM RATINGS 

Voltage between Supply Pins +44V 



V* 
V 



+ 22V 
-22V 



Digital Input Overvoltage. 

w V4 / Vsupply( + ) +4V 

VeN ' Va I V SjOP , y (-) -4V 



Analog Input Overvoltage with Multiplexer Power On: 



Vs 



/ V S ypply( + ) 



+ 20V 



1 Vsupply(-) -20V 

Analog Input Overvoltage with Multiplexer Power Off: 

/ V SuD p ly ( + ) +35V 

\Vsu PP ,y<-) -35V 



Continuous Current, S or D 20mA 

Peak Current, S or D 

(Pulsed at 1ms, 10% duty cycle max) 40mA 

Power Dissipation (Note 1 ) (CERDIP) 1 28W 

Operating Temperature Range: 

MAX368/369C O'C to +70'C 

MAX368/369E -40 C to + 85 C 

MAX368/369M -55*C to +125 C 

Storage Temperature Range -65'C to +150'C 

Note 1: Derate 12.8mW/°C above T A = +70"C 



Vs 



Stresses above those listed under 'Absolute Maximum Ratings' may cause permanent damage to the device These are stress ratings only and lunctional 
operation ot the device at these or any other conditions above those indicated in the operational sections ot the specifications is not implied Exposure to 
absolute maximum rating conditions lor extended periods may atfect device reliability 

ELECTRICAL CHARACTERISTICS 

(V* = +15V, V" = -15V; GND = 0, WR = 0, RS = 2.4V unless otherwise noted ) 



PARAMETER 


SYMBOL 


CONDITIONS 


TEMP* 


TYP 


M SUFFIX 


E, C SUFFIX 


UNITS 


MIN 


MAX 


MIN 


MAX 


ANALOG SWITCH 


Analog Signal Range 


Vanalog 


(Note 2) 


1 




-15 


15 


-15 


15 


V 


Drain-Source 
ON Resistance 


rDS (ON) 


V D = +10V, Val = 0.8V 
ls= 100uA. Vah = 2.4V 


1,3 
2 




1500 
1800 


1800 
2000 


n 


Greatest Change in rosiON) 
Between Channels 


A 

ros (ON) 


-10V<V s < 10V 


1 


10 






% 


Source OFF 
Leakage Current 


IS (OFF) 




V S = ±10V 
V D = +10V 


1 
2 


-0.005 


-1 
-50 


1 

50 


-5 
-50 


-5 
50 




Drain OFF 


MAX368 


Id (off) 


V EN = 0.8V 


Vd = ±10V 
Vs=+10V 


1 
2 


-0.015 


-2 
-200 


2 
200 


-5 
-200 


5 
200 




Leakage Current 


MAX369 




V D = ±10V 
V s = +"10V 


1 

2 


-0.008 


-1 
-100 


1 

100 


-5 
-100 


5 
100 


nA 


Drain ON 


MAX368 


Id (on) 


V s = V D = ±10V 
V EN = 2.4V 


1 

2 


-0.03 


-2 
-200 


2 
200 


-5 
-200 


5 
200 




Leakage Current 


MAX369 


V AL = 0.8V 
Vah = 2.4V 




1 

2 


-0.015 


-1 
-100 


1 

100 


-5 
-100 


5 

100 




LOGIC INPUT 


Logic Input Current 


Uh 


V fl = 2.4V 


1, 2, 3 


-0.002 


-1 1 


-1 1 




(Input Voltage High) 


V A = 14V 


1,2,3 


0.006 


-1 1 


-1 


1 


u.A 


Logic Input Current 
(Input Voltage Low) 


k 


V EN = or 2.4V. V A = 0V 
RS = 0V, WR = 0V 


1.2,3 


-0.002 


-1 1 


-1 1 




FAULT 


Output Leakage Current 
(with Overvoltage) 


b (off) 


V D = 0V (Note 3) 

Analog Overvoltage = ±33V 


1 
2 




-10 
-2000 


10 
2000 


-20 
-2000 


20 
2000 


nA 


Input Leakage Current 
(with Overvoltage) 


'S (OFF) 


V| N = ±25V. V D = ±10V 
(Note 3) 


1 




-5 


5 


-10 


10 


uA 


Input Leakage Current 
(with Power Supplies Off) 


b (OFF) 


V IN = ±25V. Ven = V = 0V 
A = Ai = A 2 = 0V or 5V 


1 




-2 


2 


-5 


5 


uA 



•1 = 25'C. 2 = 125*C. 85"C, 70'C, 3 = -55'C, -40"C, O'C 
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ELECTRICAL CHARACTERISTICS (continued) 

(V* = +15V. V = -15V; GND = 0, WR = 0. RS = 2.4V unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


TEMP* 


TYP 


M SUFFIX 


E,C SUFFIX 


UNITS 


MIN MAX 


MIN MAX 


DYNAMIC 


Switching Time of 
Multiplexer 


tTRANS 


See Figure 2 




6 


1 


1 


US 


Break-Before-Make 
Interval 


•open 


See Figure 4 




0.2 






Enable and Write 
Turn ON Time 


•ON (EN, WR) 


See Figures 3 and 5 




1 


1,5 


1.5 


Enable and Reset 
Turn OFF Time 


'OFF (EN RS) 


See Figures 3 and 6 




0.4 


1 


1 


Charge Injection 


Q 


See Figure 7 and 
Tables 1Aand 1B 




55 






PC 


OFF Isolation 


OIRR 


Ven = 0. R L = 1kQ 
Cl= 15pF, V IN =7V RMS 
f = 100kHz 




68 






dB 


Logic Input Capacitance 
with Switch OFF 


C|N 


f = 1MHz 




5 






pF 


Input Capacitance 
with Switch OFF 


Cs(OFF) 


Ven-0 
f = 140kHz 


V,n = 




5 






PF 


Output 
Capacitance 
with Switch 
OFF 


MAX368 


Cd(OFF) 


Vqut = 




25 






MAX369 




12 






WR Pulse Width 


tww 


See Figure 1 1. 2, 3 300 


300 


ns 


A x , EN Data Valid 
to WR 




Set-up Time 
See Figure 1 


1, 2, 3 




180 


180 


Ax, EN Data Valid 
after WR 




Hold Time 
See Figure 1 


1. 2, 3 





10 


30 


RS Pulse Width 


'rs 


V IN = 5V 
See Figure 1 


1.2,3 




300 


500 


SUPPLY 


Positive Supply Current 


I* 


Ven = 2,4V, Va = 0V/5V 


1, 2, 3 




1.25 
1.5 


1.5 
2.0 


mA 


Negative Supply 
Current 


I- 


1.2,3 




-0.1 
-0.2 


-0.1 
-0.2 



•1 = 25*C, 2 = 125*C. 85*C, 70*C, 3 = -55"C. -40°C. 0°C 



Note 2: When the analog signal exceeds + 13.5V or -12V, the blocking action of Maxim's gate structure goes into 

operation. Only leakage currents flow and the channel on resistance rises to infinity 
Note 3: The value shown is the steady state value. The transient leakage is typically 10uA. See detailed description. 
Note 4: Electrical Characteristics, such as ON Resistance will change when power supplies other than +15V are used. 
Note 5: Digital input leakage is primarily due to the clamp diodes. Typical leakage is less than 1 nA at +25°C. 
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TRUTH TABLE — MAX368 



TRUTH TABLE — MAX369 



A 2 


At 


AO 


EN 


WR 


RS 


ON 
SWITCH 


Latching 


X 


X 


X 


X 


_r 


1 


Maintains 
previous 
switch condition 


Resel 


X 


X 


X 


X 


X 





NONE 
(latches cleared) 


Transparent Operation 


X 





1 
1 
1 
1 


X 




1 
1 




1 
1 


X 


1 



1 


1 

0. 

1 





ooooooooo 




NONE 
1 

2 
3 
4 
5 
6 
7 
8 



*1 


An 


EN 


WR 


RS 


ON 
SWITCH 


Latching 


X 


X 


X 


_r 


1 


Maintains 
previous 
switch condition 


Reset 


X 


X 


X 


X 





NONE 
(latches cleared) 


Transparent Operation 


X 


X 










NONE 








1 







1 




1 
1 


1 



1 


1 
1 
1 









2 
3 
4 



NOTE: Logic "1" :Vah> 2.4V, Logic "0" : V AL < 0.8V. 




Figure 1. Typical Timing Diagrams for MAX368/369 



LOGIC 
INPUT 

I, < 20 ns 
II <20ns 



SWITCH 
OUTPUT 



4 # 



VlNl 

08V| Ne 
V|N8 



I TRANSITION 
IN) ON — 



IN 8 0N 



LOGIC 
INPUT 




- I TRANSITION 



Will 



1 



EN 

RS IN 1A THRUIN 4A " 
.OUTa. IN 2 b AND IN38 
IN4B 

At 0UT B 
6ND WR V 

r~ 

-15V 



T 



SWITCH 
OUTPUT 



-o V 0B 
35pF 



Figure 2. Transition Time Test Circuits 
8-6 



yi/iyjxiyki 



Fault-Protected 
Analog Multiplexer with Latch 



SWITCH 
OUTPUT 




LOGIC 
INPUT 



1V (— o 1 v 

SWITCH 

OUTPUT — 
V 9V 

V IN1 



o V 



LOGIC 
INPUT 



(ft) 5«: 

II 1 



EN RS 


V !N 1B 


*0 


IN 1A THRUIN 4A 0UT A 


IN 2B IN 3B IN 4B 


A, 


OUTg OUT 


v,_ 


WR V 



I 



n 

-15V 




Figure 3. Enable (qn/'off 7"fme 7esr Ocu/r 



I, <20ns 
If <20ns 



♦24V 

o 



L0GIC J? 
INPUT 50% 



'IK 



SWITCH 
OUTPUT 

vo 



LOGIC ^-k 
INPUT P"0 



ALL IN AND 0UT A 



A . A,.A( 2 ) 
GND WR 



0UT B 



i 1 



j_J A 



_ 5V SWITCH 
3 OUTPUT 



T 



-o v 



1 



35pF 



Figure 4. Open Time (B.B.M.) Interval Test Circuit 
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WR 3- 

1.5V 



SWITCH 
OUTPUT o- 
Vo 



- 'on iwr)- 



DEVICE MUST BE RESET PRIOR TO APPLYING WR PULSE 




Figure 5. Write Turn-On Time tON(WR) Test Circuit 



3V- 

1.5V 



SWITCH 
OUTPUT 0- 



LOGIC 
INPUT 



RS 
GND 




Figure 6. Reset Turn-Off Time tQFF(RS) Test Circuit 



A A,.(A 2 ) 
SX 



RS 

'jk * 



EN 

GND WR V- 



-0 2.4 V 



-0 v 



^ CL = 1000 pF 



r r j _ 
v„- 



J V 



AV 



A Vo IS THE MEASURE OF VOLTAGE ERROR DUE TO 
CHARGE INJECTION THE CHARGE INJECTION IN 
COULOMBS IS Q = C[ x A Vq 



Figure 7. Charge Injection Test Circuit 
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Fault-Protected 
Analog Multiplexer with Latch 

Detailed Description 

an N-channel or a P-channel device will be off for any 
input voltage from -35V to +35V. The leakage current with 
negative overvoltages will immediately drop to a few 
nanoamps at 25°C. For positive overvoltages the fault 
current will initially be 10 or 20\iA, decaying over a few 
seconds to the nanoamp level. The time constant of this 
decay is caused by the discharge of stored charge from 
internal nodes and does not compromise the fault protec- 
tion scheme. 



Maxim's MAX368/369 are fully fault-protected for con- 
tinuous input voltages up to ±35V, whether or not the 
+Vsup and -Vsup power supplies are present. These 
devices use a "series FET". protection scheme which not 
only protects the multiplexer output from overvoltage, but 
also limits the input current to sub-microamp levels. 

Figures 8 and 9 show how the series FET circuit protects 
against overvoltage conditions. When power is off, the 
gates of all the FETs are at ground. With a -25V input, 
N-channel FET Q1 is turned on by the +25V gate-to- 
source voltage. The P-channel device (Q2), however, has 
+25V Vgs and is turned off, thereby preventing the input 
signal from reaching the output. If the input voltage is 
+25V, Q1 has a negative Vgs, which turns it off. Similarly, 
only sub-microamp leakage currents can flow from the 
output back to the input, since any over voltage will turn 
off either Q1 or Q2. 

Figure 10 shows the condition of an OFF channel with 
+Vsup and -Vsup present. As with Figures 8 and 9, either 



Figure 1 1 shows the condition of the ON channel with 
+Vsup and -Vsup present. With input voltages less than 
±10V. all three FETs are on and the input signal appears 
at the output. If the input voltage exceeds +Vsup minus 
the N-channel threshold voltage (Vtn), then the N-chan- 
nel FET will turn off. For voltages more negative than 
-Vsup minus the P-channel threshold (Vtp), the P-channel 
device will turn off. Since Vtn is typically 1 5V and Vtp is 
typically 3V, the multiplexer's output swing is limited to 
about -12V to +13.5V with +15V supplies 



-25V 
0VERV0L" 



N-CHANNEL 

IS TURNE_ 
BECAUSE V GS 



IS TURNED ON r=T 

— V GS = t25V 



P-CHANNEL _ 
MOSFET IS OFF 



Figure 8. -25V Overvoltage with Multiplexer Power OFF 



-25V 
OVERVOLTAGE^ 



N-CHANNEL MOSFET 
BE&uTv^V 



n. 



si™ 



03 



Figure 9 +25V Overvoltage with Multiplexer Power OFF 



-15V +15V -1 


5V 


-25V Tqi 
OVERVOLTAGEq 


t J 

02 


[ +25V FORCED 
* ON COMMON 
03 OUTPUT 
. O LINE BY 


N-CHANNEL MOSFET , 
IS TURNED ON ItI M 


ll 11 


EXTERNAL 
r CIRCUITRY 


BECAUSE V GS = * 10V ~ 






-15V FROM t- 




N-CHANNEL 


DRIVERS T J 

P-CHANNEL 
MOSFET IS OFF 


.r„ ,„ . MUbFtl ISUFF 
,+15V FROM 
> DRIVERS 



Figure 10- -25V Overvoltage on an OFF Channel with 
Multiplexer Power Supply ON 



»25V 
OVERVOLTAGE' 



N-CHANNEL MOSFET 

IS TURNED OFF 
BECAUSE V GS = -10V 




+15VFR0M -15V FROM 
DRIVERS DRIVERS 



Figure 1 1. +25V Overvoltage Input to the ON Channel 
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The Typical Operating Characteristics graphs show typi- 
cal leakage vs. input voltage curves. Although the maxi- 
mum rated overvoltage of these devices is +35V, the 
MAX368/369 typically has excellent performance up to 
±40V, providing additional margin for the unknown tran- 
sients that exist in the real world. In summary, the 
MAX368/369 provides superior protection from all fault 
conditions, while using a standard, readily produced 
junction isolated CMOS process. 

Digital Control Circuitry 

The internal structure of the MAX368/369 includes trans- 
lators for the Ao, Ai, A2, EN, RS, and WR digital inputs, 
latches, a decode section for channel selection (see 
Truth Tables on the fourth page of this data sheet). The 
gate structure consists of series N-channel/ P-channel/ 
N-channel MOSFETs (see Figure 12). This combination 
produces a very rugged, fault tolerant multiplexer with 
address latch capability, and does so with extremely low 
power dissipation. 

Write (WR), and Reset (RS) strobes are provided for 
interfacing with microprocessor bus lines (Figure 13), 
alleviating the need for the microprocessor to provide 
constant address inputs to the MUX in order to hold on 
to a particular channel. 

When the write strobe is in the low state (less than 0.8V), 
and the reset strobe is in the high state (greater than 
2.4V), the MUXs are in the transparent mode; this means 



that the MUXs act similar to non-latching MUXs such as 
the MAX358/359 or the HI-508A/509A. 

When the write input goes to the high state (>2.4V), the 
previous BCD address input will be latched and held in 
that state indefinitely. To pull the MUX out of this state, 
either the write input (WR) must be taken low (0.8V), back 
to the transparent state, or the Reset (RS) input taken low, 
turning off all channels. 

The function of the Reset input is to allow for turning off 
all channels when the RS input is low (<0.8V); this has the 
dual function of resetting' channel selection back to the 
channel 1 mode. 

The MAX368/369 is designed to work with single as well 
as dual supplies, and good performance can be ex- 
pected in the 9V to 22V single supply range. For example, 
with a single +15V power supply, analog signals in the 
range of +3.3V to +12V can be switched normally, and 
overvoltages up to±35V can still be tolerated. If negative 
signals, around 0V are expected, a negative supply is 
needed. However, only -5V is needed to normally switch 
signals in the -2Vto +12V range (-5V, + 15V supplies). No 
current is drawn from the negative supply, so Maxim's 
MAX635 D/C to D/C converter does the job very nicely. 

The EN latch allows all switches to be turned OFF under 
program control. This becomes useful when two or more 
MAX368s are cascaded to build 16-line and larger 
analog signal input multiplexers. 
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Figure 12- Simplified Internal Structure 
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Typical Operating Characteristics 
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Applications 



Operation with Supply Voltages 
Other than 15V 

The main effect of supply voltages other than ±15V is the 
reduction in output signal range. The MAX368/369 limits 
the output voltage to about 1 .5V below +Vsup and about 
3V above -Vsup. In other words, the output swing is 
limited to +3.5V to -2V when operating from ±5V. The 
Typical Operating Characteristics graphs show typical 
Rds(ON) for±15V, ±1 OV, and ±5V power supplies. Maxim 
guarantees the MAX368/369 for operation from +4.5V to 
±1 8V supplies. The switching delays increase by about a 
factor of 2 at ±5V, but break-before-make action is 
preserved. 

The MAX368/369 can be operated with a single +9V to 
+22V supply, as well as asymmetrical power supplies 
such as +15V and -5V. The digital threshold will remain 
approximately 1.6V above the GROUND pin, and the 
analog characteristics such as Rds(ON) are determined 



by the total voltage difference between +Vsup and -Vsup 
Connect -Vsup to OV when operating with a +9V to +22V 
single supply. 

The MAX368/369 digital threshold is relatively inde- 
pendent of the power supply voltages, going from a 
typical 1 ,6V when +Vsup is 15V to 1 .5V typical with a 5V 
+Vsup. This means that Maxim's MAX368/369 will operate 
with standard TTL logic levels, even with ±5V power 
supplies. In all cases, the threshold of the Enable pin is 
the same as the other logic inputs. 

Operation as a Demultiplexer 

The MAX368/369 will function as a demultiplexer, where 
the input is applied to the Output pin, and the Input pins 
are used as outputs. The MAX368/369 provide both 
break-before-make action and full fault protection when 
operated as a demultiplexer, unlike earlier generations of 
fault protected multiplexers. 
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Figure 13. Bus Interface 

Switching Characteristics 
and Charge Injection 

Table 1 shows typical charge injection levels vs. power 
supply voltages and analog input voltage for the MAX368 
and MAX369. Note that since the channels are well 
matched, the differential charge injection for the 
MAX368/369 is typically less than 5 picocouiombs. The 
charge injection that occurs during switching creates a 
voltage transient whose magnitude is inversely propor- 
tional to the capacitance on the multiplexer output. 

The channel-to-channel switching time is typically 600ns, 
with about 200ns of break-before-make delay. This 200ns 
break-before-make delay prevents the input-to-input 
short that would occur if two input channels were simul- 
taneously connected to the output. In a typical data 
acquisition system such as that shown in Figure 13, the 
dominant delay is not the switching time of the 
MAX368/MAX369 multiplexer but is the settling time of 
the following amplifier and sample/hold. Another limiting 
factor is the RC time constant of the multiplexer Rds(ON) 
plus the signal source impedance multiplied by the load 
capacitance on the output of the multiplexer. Even with 
low signal source impedances, 1 0OpF of capacitance on 
the multiplexer output approximately doubles the settling 
time for 0.01% accuracy settling. 

Digital Interface Levels 

The typical digital threshold of both the address lines and 
the enable pin is 1.6V, with a temperature coefficient of 
approximately -3mV/°C. This ensures compatibility with 
0.8V to 2.4V TTL logic swings over the entire temperature 
range. The digital threshold is relatively independent of 
the supply voltages, moving from 1 ,6V typical to 1 .5V 
typical as the power supplies are reduced from ±15V to 
±5V. In all cases, the digital threshold is referenced to the 
GROUND pin. 
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Table 1 A. MAX368 CHARGE INJECTION 



Supply Voltage 


Analog Input Level 


Injected Charge 


±5V 


+ 1.7V 
OV 

-1.7V 


+100pC 
+70pC 
+45pC 


±10V 


+5V 
OV 
-5V 


+200pC 
+130pC 
+60pC 


±15V 


+ 10V 
OV 
-10V 


+300pC 
+180pC 
+50pC 



Test Conditions: Cl = 1 0OOpF on multiplexer output; the tabu- 
lated analog input level is applied to channel 1 ; channels 2 
through 8 inputs are open circuited. EN = +5V, Ai = A2 = 0V, A 
is toggled at 2kHz rate between 0V and 3V. +1 00 picocouiombs 
of charge creates a +100mV step when injected into a 1000pF 
load capacitance. 

Table 1 B. MAX369 CHARGE INJECTION 



Supply 


Analog 


Injected Charge 


Voltage 


Input Level 


Out A 


Out B 


Differential 




+ 1.7V 


+105pC 


+107pC 


-2pC 


±5V 


OV 


+ 73pC 


+ 48pC 


-1pC 




-1.7V 


+48pC 


+ 50pC 


-2pC 




+ 5V 


+215pC 


+220pC 


-5pC 


±10V 


OV 


+135pC 


+139pC 


-4pC 




-5V 


+ 62pC 


+63pC 


-1pC 




+ 10V 


+325pC 


+330pC 


-5pC 


±15V 


OV 


+180pC 


+185pC 


-5pC 




-10V 


+ 55pC 


+ 55pC 


OpC 



Test Conditions: C L = 1000pF on Out A and Out B; the tabulated 
analog input level is applied to inputs 1A and 1B; channels 2 
through 4 are open circuited. EN = +5V, A, = 0V, Ao is toggled 
from 0V to 3V at a 2kHz rate. 

AI yj X I AI 
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The digital inputs can also be driven with CMOS logic 
levels swinging from either +Vsup to -Vsup or from +Vsup 
to Ground. The digital input current is just a few 
nanoamps of leakage at all input voltage levels, with a 
guaranteed maximum of 1uA. The digital inputs are 
protected from ESD by a 30V zener diode between the 
input and +Vsup, and can be driven ±6V beyond the 
supplies without drawing excessive current. 

Channehto-Channel Crosstalk, 
Off Isolation and Digital Feedthrough 

At DC and low frequencies, the channel-to-channel 
crosstalk is caused by variations in output leakage cur- 
rents as the off channel input voltages are varied. The 
MAX368/369 output leakage varies only a few picoamps 
as all 7 off inputs are toggled from -10V to + 10V. The 
output voltage change depends on the impedance level 
at the MAX368/369 output, which is Rdsion) plus the input 
signal source resistance in most cases, since the load 
driven by the MAX368/369 is usually a high impedance 
For a signal source impedance of 10kQ or lower, the DC 
crosstalk exceeds 120dB. 

Table 2 shows typical AC crosstalk and off isolation 
performance. Digital feedthrough is masked by the 
analog charge injection when the output is enabled. 

When the output is disabled, the digital feedthrough is 
virtually unmeasurable, since the digital pins are physi- 
cally isolated from the analog section by the GROUND 
and -Vsup pins. The groundplane formed by these lines 
is continued onto the MAX368/369 die to provide over 
100dB isolation between the digital and analog sections. 



Table 2A. TYPICAL OFF ISOLATION 
REJECTION RATIO 



Frequency 


100kHz 


500kHz 


1MHz 


One Channel Driven 


74dB 


72dB 


66dB 


All Channels Driven 


64dB 


48dB 


44dB 



Test Conditions: Vin = 20V PK pk at the tabulated frequency, 
Rl • 1 .5k between OUT and ground, EN = 0V. 

OIRR = 20Log 20 V ™ ™ 

M VouT (PK-PK) 



Table 2B. TYPICAL CROSSTALK 
REJECTION RATIO 



Frequency 


100kHz 


500kHz 


1MHz 


Rl = 1 .5k 


70dB 


68dB 


64dB 


R L = 10k 


62dB 


46dB 


42dB 



Test Conditions: Specified Rl connected from OUT to ground, 
EN = +5V, Ao = Ai = A 2 =0V (Channel 1 selected). 20V P kpk at 
the tabulated frequency is applied to Channel 2. All other chan- 
nels are open circuited. Similar crosstalk rejection can be ob- 
served between any two channels. 



N.C. 
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MAX368 

IN 8 OUT 








RS 


WR A 




0.136" 


3.45mm 



Chip Topographies 

MAX369 

OUT B OUTa IN 4 a 

W ir 




3.45mm 



Maxim cannot assume responsibility for use of any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied. 
Maxim reserves the right to change the circuitry and specifications without notice at any time. 
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General Description 

Maxim's MAX378 is an 8 channel single-ended (1 of 8) 
multiplexer with fault protection, and the MAX379 is a 
4 channel differential (2 of 8) multiplexer with fault 
protection. Using a series N-channel, P-channel, 
N-channel structure, these multiplexers provide signi- 
ficant fault protection. If the power supplies to the 
fault-protected multiplexers are inadvertently turned 
off while input voltages are still applied, all channels 
in the multiplexers are turned off, and only a few 
nanoamperes of leakage current will flow into the 
inputs. This protects not only the multiplexers and 
the circuitry driven by the multiplexers, but also 
protects the sensors or signal sources which drive 
the multiplexers. 

The series N-channel, P-channel, N-channel protec- 
tion structure has two significant advantages over the 
simple current limiting protection scheme of the 
industry's first generation fault-protected multiplexers. 
First, the Maxim protection scheme limits fault cur- 
rents to nanoamp leakage values rather than many 
milliamperes. This prevents damage to sensors or 
other sensitive signal sources. Second, the MAX378/ 
379 fault-protected multiplexers can withstand a cont- 
inuous ±60V input, unlike the first generation which 
had a continuous +35V input limitation imposed by 
power dissipation considerations. 

All digital inputs have logic thresholds of 0.8V and 
2.4V, ensuring both TTL and CMOS compatibility 
without requiring pullup resistors. Break-before-make 
operation is guaranteed. Power dissipation is less 
than 2 milliwatts. 

Applications 

Data Acquisition Systems 

Industrial and Process Control 
Systems 

Avionics Test Equipment 
Signal routing between Systems 



Features 

4 Fault Input Voltage ±75V with Power Supplies Off 

4 Fault Input Voltage ±60V with ±15V Power 
Supplies 

+ All Switches Off with Power Supplies Off 

4 On Channel Turns OFF if Overvoltage Occurs on 
Input or Output 

+ Only Nanoamperes of Input Current Under All 
Fault Conditions 

4 No Increase in Supply Currents Due to Fault 
Conditions 

4 Latchup-proof Construction 

4 Operates From ±4.5V to ±18V Supplies 

4 All Digital Inputs are TTL and CMOS Compatible 

4 Low-Power Monolithic CMOS Design 

Ordering Information 



PART 


TEMP. RANGE 


PACKAGE 


MAX378CPE 


0°C to +70° C 


16 Lead Plastic DIP 


MAX378CWE 


0°C to +70° C 


16 Lead Wide SO 


MAX378CJE 


0°C to +70° C 


16 Lead CERDIP 


MAX378EPE 


-40° C to +85° C 


16 Lead Plastic DIP 


MAX378EWE 


-40° C to +85° C 


16 Lead Wide SO 


MAX378EJE 


-40° C to +85° C 


16 Lead CERDIP 


MAX378MJE 


-55°C to +125°C 


16 Lead CERDIP 


MAX378MLP* 


-55° C to +125° C 


20 Lead LCC 


MAX378C/D*- 


0°C to +70° C 


Dice 


MAX379CPE 


0°C to +70°C 


16 Lead Plastic DIP 


MAX379CWE 


0°C to +70° C 


16 Lead Wide SO 


MAX379CJE 


0°C to +70° C 


16 Lead CERDIP 



Ordering Information continued on page 10. 

' Contact Factory for availability. 

** The substrate may be allowed to float or be tied to V* 
(Jl CMOS). 



Pin Configurations 



A„ LT 
EN Dl 
V" LT 
IN] LT 
IN 2 LT 
IN3LTJ 
IN4LT 
OUT [ 
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TOP VIEW 
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ABSOLUTE MAXIMUM RATINGS 



Voltage between Supply Pins +44V 

V* to Ground +22V 

V" to Ground -22V 

Digital Input Overvoltage: 

(V* +4V 

Ven. V a j v - _4V 

Analog Input with Multiplexer Power On ±65V 

{Recommended IV* +15V 
Power Supplies j V" -15V 

Analog input with Multiplexer Power Off ±80V 



Continuous Current, IN or OUT 20mA 

Peak Current, IN or OUT 

(Pulsed at 1ms, 10% duty cycle max) 40mA 

Power Dissipation (Note 1) (CERDIP) 1.28W 

Operating Temperature Range: 

MAX378/379M -55°C to +125°C 

MAX378/379C 0°C to +70° C 

MAX378/379E -40° C to +85° C 

Storage Temperature Range -65°C to +150°C 



Note 1: Derate 12.8mW/°C above T A = +75° C 



Stresses above those listed under "Absolute Maximum Ratings" may cause permanent damage to the device. These are stress ratings only, and 
functional operation of the device at these or any other conditions above those indicated in the operational sections of the specifications is not 
implied. Exposure to absolute maximum rating conditions lor extended periods may affect device reliability. 



ELECTRICAL CHARACTERISTICS 

(V = +15V, V" = -15V; Vah (Logic Level High) = +2.4V, V AL (Logic Level Low) = +0.8V unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


TEMP 


-55" C to +125°C 


0°C to +70" C 
and 

-40" C to +85° C 


UNITS 


MIN TYP MAX 


MIN TYP MAX 


STATIC 


ON Resistance 


rDS(ON) 


V 0U T = ±10V, I in * 100//A 
Val = 0.8V, Vah = 2.4V 


+25° C 
Full 


2.0 3.0 
3.0 4.0 


2.0 3.5 
3.0 4.0 


kO. 


OFF Input Leakage 
Current 


'lN(OFF) 


Vin = ± 10V, Vout = T10V 
Ven = 0.8V (Note 6) 


+25° C 
Full 


-0.5 0.03 0.5 
-50 50 


-1.0 0.03 1.0 
-50 50 


nA 


OFF Output Leakage 
Current 


loUT(OFF) 


Vout = ±10V, V, N = +10V 

V EN = 0.8V MAX378 

(Note 6) MAX379 


+25° C 
Full 
Full 


-1.0 0.1 10 
-200 200 
-100 100 


-2.0 0.1 2.0 
-200 200 
-100 100 


nA 


ON Channel Leakage 
Current 


loUT(ON) 


Vin(all) = Vout = ±10V (Note 5) 
Vah = Ven = 24V MAX378 
V AL = 0.8V MAX379 


+25° C 
Full 
Full 


-2.0 0.1 2.0 
-200 200 
-100 100 


-5.0 0.1 5.0 
-200 200 
-100 100 


nA 


Analog Signal Range 


Van 


(Note 2) 


Full 


-15 +15 


-15 +15 


V 


Differential, OFF Out- 
put Leakage Current 


Idiff 


MAX379 only 
(Note 6) 


Full 


-50 50 


-50 50 


nA 


FAULT 


Output Leakage 
Current (with 
Input Overvoltage) 


IoUT(OFF) 


Vout = 0V (Note 3) 
Vin = ±60V 


+25° C 
Full 


20 

10 


20 

20 


nA 
MA 


Input Leakage 
Current (with 
Overvoltage) 


llN(OFF) 


V,N = +60V, V = ±10V 
(Note 3) 


+25° C 


25 


40 


M 


Input Leakage 
Current (with Power 
Supplies Off) 


llN(OFF) 


Vin = ±75V, Ven - V = 0V 
Ao = A, = A 2 = 0V or 5V 


+25° C 


10 


20 


A<A 


CONTROL 


Input Low Threshold 


Val 


(Note 4) 


Full 


0.8 


0.8 


V 


Input High Threshold 


Vah 


(Note 4) 


Full 


2.4 


2.4 


V 


Input Leakage Cur- 
rent (High or Low) 


Ia 


V A = 5V or 0V 
(Note 5) 


Full 


-1.0 1.0 


-1.0 1.0 


f«A 
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ELECTRICAL CHARACTERISTICS (Continued) 

(V* = +15V, V" = -15V; Vah (Logic Level High) = +2.4V, Val (Logic Level Low) = +0.8V unless otherwise noted.) 



PARAMETER 


SYMBOL 


CONDITIONS 


TEMP 


-55° C to +125°C 


0°C to +70° C 
and 

-40° C to +85° C 


UNITS 


MIN TYP MAX 


MIN TYP MAX 


DYNAMIC 


Access Time 


U 


(Figure 1) 


+25° C 


0.5 1.0 


0.5 1.0 


fJS 


Break-Before-Make 
Delay (Figure 2) 


tON-tOFF 


V EN = +5V, V, N = +10V 
A . Ai, A 2 Strobed 


+25° C 


25 200 


25 200 


ns 


Enable Delay (ON) 


toN(EN) 


(Figure 3) 


+25° C 
Full 


400 750 
1000 


400 1000 
1500 


ns 


Enable Delay (OFF) 


t0FF(EN) 


(Figure 3) 


+25° C 
Full 


300 500 
1000 


300 

1000 


ns 


Settling Time (0.1%) 
(0.01%) 


tsETT 




+25° C 


1.2 
3.5 


1.2 
3.5 


/JS 


"OFF Isolation" 


OFF(isO) 


Ven = 0.8V, R L = 1kO, 
C L = 15pF, V = 7V RMS , 
f = 100kHz 


+25° C 


50 68 


50 68 


dB 


Channel Input 
Capacitance 


ClN(OFF) 




+25° C 


5 


5 


PF 


Channel Output 
Capacitance 


CoUT(OFF) 


MAX378 
MAX379 


+25° C 


25 
12 


25 
12 


PF 


Digital Input 
Capacitance 


C A 




+25° C 


5 


X -$ 


PF 


Input to Output 
Capacitance 


Cdsioff) 




+25° C 


0.1 


0.1 


PF 


SUPPLY 


Positive Supply 
Current 


I* 


Vcn - 8V or 2 4V 




01 6 


0.2 1.0 


mA 


Negative Supply 
Current 


I" 


Ven = 0.8V or 2.4V 
All V A = 0V or 5V 


+25° C 
Full 


0.01 0.1 
0.02 0.2 


0.01 0.1 
0.02 0.1 


mA 


Power Supply Range 
for Continuous 
Operation 


Vop 


(Note 7) 


+25° C 


+4.5 ±18 


+4.5 ±18 


V 



Note 2: When the analog signal exceeds +13.5V or -12V the blocking action of Maxim's gate structure goes into operation. Only 

leakage currents flow and the channel on resistance rises to infinity. 

Note 3: The value shown is the steady state value. The transient leakage is typically 50//A. See detailed description. 

Note 4: Guaranteed by other static parameters. 

Note 5: Digital input leakage is primarily due to the clamp diodes. Typical leakage is less than 1nA at +25°C. 

Note 6: Leakage currents not tested at T A = cold temp. 

Note 7: Electrical characteristics, such as ON Resistance, will change when power supplies other than ±15V are used. 
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Figure 1. Access Time vs. Lgoic Level (High) 



MAX378: Vah * 3.0V 




•SIMILAR CONNECTION FOR MAX379 



Figure 2. Break-Before-Make Delay (Iopen) 



MAX378: V« H = 3.0V 




'SIMILAR CONNECTION FOR MAX379 



Figure 3. Enable Delay (foN(£N> Ioffieni) 
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Figure 4. Input Leakage Current (Overvoltage) 



Figure 5. Input Leakage Current (with Power Supplies OFF) 

— Typical Operating 
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TRUTH TABLE — MAX378 



TRUTH TABLE— MAX379 



A 2 


A, 


Ao 


EN 


ON 
SWITCH 


X 


X 


X 





NONE 











1 


1 








1 




2 





1 







3 





1 


1 




4 


1 










5 


1 





1 




6 


1 


1 







7 


1 


1 


1 




8 



Ai 


Ao 


EN 


ON 
SWITCH 


X 


X 





NONE 








1 


1 





1 


1 


2 


1 





1 


3 


1 


1 


1 


4 



Note: Logic "0" = Val < 0.8V, Logic "1" = V AH > 2.4V 
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Figure 6. Typical Data Acquisition Front End 

Typical Applications 

Figure 6 shows a typical data acquisition system 
using the MAX378 multiplexer. Since the multiplexer 
is driving a high impedance input, its error is a func- 
tion of its own resistance (Rds(ON)) times the multi- 
plexer leakage current (Iout(on)) and the ampliifer bias 
current (l B | AS ): 

V E RR = R DS(ON) x (louT(ON) + 'bias (MAX420)) 

= 2.0k x (2nA + 30pA) 
= 18.0/A/ maximum error 

In most cases, this error is low enough that pre- 
amplification of input signals is not needed, even with 
very low level signals, such as 40/^V/ o C from type 
J thermocouples. 



In systems with fewer than 8 inputs, an unused chan- 
nel can be connected to the system ground reference 
point for software zero correction. A second channel 
connected to the system voltage reference allows 
gain correction of the entire data acquisition system 
as well. 

A MAX420 precision op amp is connected as a pro- 
grammable gain amplifier, with gains ranging from 
1 to 10,000. The guaranteed 5>V unadjusted offset of 
the MAX420 maintains high signal accuracy, while 
programmable gain allows the output signal level to 
be scaled to the optimum range for the remainder of 
the data acquisition system, normally a Sample/Hold 
and A/D. Since the gain-changing multiplexer is not 
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connected to the external sensors, it can be either a 
DG508A multiplexer or the fault protected MAX358 
or MAX378. 

Input switching, however, must be done with a fault- 
protected MAX378 multiplexer to provide the level 
of protection and isolation required with most data 
acquisition inputs. Since external signal sources may 
continue to supply voltage when the multiplexer and 
system power are turned off, non-fault protected 
multiplexers, or even first-generation fault protected 
devices, will allow many milliamps of fault current to 
flow from outside sources into the multiplexer. The 
result could be damage to either the sensors or the 
multiplexer. A non-fault protected multiplexer will also 
allow input overvoltages to appear at its output, per- 
haps damaging Sample/Holds or A/Ds. Such input 
overdrives may also cause input-to-input shorts, 
allowing the high current output of one sensor to 
possibly damage another. 

The MAX378 eliminates all of the above problems 
since it not only limits its output voltage to safe levels, 
with or without power applied (V + and V), but also 
turns all channels off when power is removed, drawing 
only sub-microamp fault currents from the inputs, 
and maintaining isolation between inputs for contin- 
uous input levels up to ±75V with power supplies off. 

Detailed Description 

Fault Protection Circuitry 

MAX378/379 are fully fault-protected for continuous 
input voltages up to ±60V, whether or not the V* and 
V power supplies are present. These devices use a 
"series FET" switching scheme which not only pro- 
tects the multiplexer output from overvoltage, but also 
limits the input current to sub-microamp levels. 
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Figure 8. +60V Overvoltage with Multiplexer Power OFF 
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Figure 9. -60V Overvoltage on an OFF Channel with Multi- 
plexer Power Supply ON 
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Figure 7. -60V Overvoltage with Multiplexer Power OFF 



Figure 10. +60V Overvoltage Input to the ON Channel 
8-21 
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Figures 7 and 8 show how the series FET circuit 
protects against overvoltage conditions. When power 
is off, the gates of all three FETs are at ground. With a 
-60V input, N-channel FET Q1 is turned on by the 
+60V gate-to-source voltage. The P-channel device 
(Q2), however, has +60V Vq S and is turned off, thereby 
preventing the input signal from reaching the output. 
If the input voltage is +60V, Q1 has a negative V~ s , 
which turns it off. Similarly, only sub-microamp leak- 
age currents can flow from the output back to the 
input, since any voltage will turn off either Q1 or Q2. 

Figure 9 shows the condition of an OFF channel with 
V + and V" present. As with Figures 7 and 8, either an 
N-channel or a P-channel device will be off for any 
input voltage from -60V to +60V. The leakage current 
with negative overvoltages will immediately drop to a 
few nanoamps at 25° C. For positive overvoltages that 
fault current will initially be 40 or 50/<A, decaying over 
a few seconds to the nanoamp level. The time con- 
stant of this decay is caused by the discharge of 
stored charge from internal nodes and does not 
compromise the fault protection scheme. 

Figure 10 shows the condition of the ON channel with 
V + and V" present. With input voltages less than ±10V, 
all three FETs are on and the input signal appears at 
the output. If the input voltage exceeds V + minus the 
N-channel threshold voltage (V TN ), then the N- 
channel FET will turn off. For voltages more negative 
than V" minus the P-channel threshold (V TP ), the 
P-channel device will turn off. Since V TN is typically 
1.5V and V TP is typically 3V, the multiplexer's output 
swing is limited to about -12V to +13. 5V with 
±15V supplies. 

The Typical Operating Characteristics graphs show 
typical leakage vs. input voltage curves. Although the 
maximum rated input of these devices is ±65V, the 
MAX378/379 typically have excellent performance up 
to +75V, providing additional margin for the unknown 
transients that exist in the real world. In summary, the 
MAX378/379 provide superior protection from all fault 
conditions, while using a standard, readily produced 
junction isolated CMOS process. 



Switching Characteristics 
and Charge Injection 

Table 1 shows typical charge injection levels vs. power 
supply voltages and analog input voltage. Note that 
since the channels are well matched, the differential 
charge injection for the MAX379 is typically less than 
5 picocoulombs. The charge injection that occurs 
during switching creates a voltage transient whose 
magnitude is inversely proportional to the capacitance 
on the multiplexer output. 

The channel-to-channel switching time is typically 
600ns, with about 200ns of break-before-make delay. 
This 200ns break-before-make delay prevents the 
input-to-input short that would occur if two input 
channels were simultaneously connected to the out- 
put. In a typical data acquisition system such as 



Figure 6, the dominant delay is not the switching time 
of the MAX378 multiplexer, but is the settling time of 
the following amplifiers and S/H. Another limiting 
factor is the RC time constant of the multiplexer 
Rqsion) P' us * ne signal source impedance multiplied 
by tne load capacitance on the output of the multi- 
plexer. Even with low signal source impedances, 
100pF of capacitance on the multiplexer output will 
approximately double the settling time to 0.01% 
accuracy. 

Operation with Supply Voltage 
Other than ±1SV 

The main effect of supply voltages other than ±15V is 
the reduction in output signal range. The MAX378 
limits the output voltage to about 1.5V below V + and 
about 3V above V'. In other words, the output swing is 
limited to +3.5V to -2V when operating from ±5V. The 
Typical Operating Characteristics graphs show typical 
r ds(.on) 'or +15V , ±10V, and ±5V power supplies. 
Maxim tests and guarantees the MAX378/379 for oper- 
ation from ±4.5V to ±18V supplies. The switching 
delays are increased by about a factor of 2 at +5V, 
but break-before-make action is preserved. 

The MAX378/379 can be operated with a single +9V to 
+22V supply, as well as asymmetrical power supplies 
such as +15V and -5V. The digital threshold will 
remain approximately 1.6V above the Ground pin, 
and the analog characteristics such as Rds(on) are 
determined by the total voltage difference between V + 
and V". Connect V" to 0V when operating with a +9V 
to +22V single supply. 

This means that the Maxim MAX378/379 will operate 
with standard TTL logic levels, even with ±5V power 
supplies. In all cases, the threshold of the ENable pin 
is the same as the other logic inputs. 



Table 1A. MAX378 Charge Injection 



Supply Voltage 


Analog Input Level 


Injected Charge 




+1.7V 


+100pC 


±5V 


OV 


+70pC 




-1.7V 


+45pC 




+5V 


+200pC 


±10V 


OV 


+130pC 




-5V 


+60pC 




+10V 


+500pC 


±15V 


0V 


+180pC 




-10V 


+50pC 



Test Conditions: C L = 1000pF on multiplexer output; the 
tabulated analog input level is applied to channel 1; channels 
2 through 8 inputs are open circuited. EN = +5V, At = A 2 = 0V, 
Ao is toggled at 2kHz rate between 0V and 3V. +100 pico- 
coulombs of charge creates a +100mV step when injected 
into a 1000pF load capacitance. 
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Table 1B. MAX379 Charge Injection 



Supply 
Voltage 


Analog 
Input Level 


Injected Charge 


Out A 


Out B 


Differential 
A-B 


±5V 


+1.7V 

OV 
-1.7V 


+105pC 
+73pC 
+48pC 


+107pC 
+74pC 
+50pC 


-2pC 
-1pC 
-2pC 


±10V 


+5V 
OV 
-5V 


+215pC 
+135pC 
+62pC 


+220pC 
+139pC 
+63pC 


-5pC 
-4pC 
-1pC 


±15V 


+10V 
OV 
-10V 


+525pC 
+180pC 
+55pC 


+530pC 
+185pC 
+55pC 


-5pC 
-5pC 
OpC 



Test Conditions: C L = 1000pF on Out A and Out B; the tab- 
ulated analog input level is applied to inputs 1A and 1B; 
channels 2 through 4 are open circuited. EN = +5V, Ai = OV, 
A is toggled from OV to 3V at a 2kHz rate. 



Digital Interface Levels 

The typical digital threshold of both the address lines 
and the ENable pin is 1.6V, with a temperature coeffi- 
cient of about -3mV/°C. This ensures compatibility 
with 0.8V to 2.4V TTL logic swings over the entire 
temperature range. The digital threshold is relatively 
independent of the supply voltages, moving from 1.6V 
typical to 1.5V typical as the power supplies are 
reduced from +15V to +5V. In all cases, the digital 
threshold is referenced to the Ground pin. 

The digital inputs can also be driven with CMOS logic 
levels swinging from either V + to V" or from V + to 
Ground. The digital input current is just a few nano- 
amps of leakage at all input voltage levels, with a 
guaranteed maximum of 1/iA. The digital inputs are 
protected from ESD by a 30V zener diode between 
the input and V + , and can be driven ±4V beyond the 
supplies without drawing excessive current. 

Operation as a Demultiplexer 

The MAX378/379 will function as a demultiplexer, 
where the input is applied to the Output pin, and the 
Input pins are used as outputs. The MAX378/379 
provide both break-before-make action and full fault 
protection when operated as a demultiplexer, unlike 
earlier generations of fault protected multiplexers. 



load driven by the MAX378 is usually a high impe- 
dance. For a signal source impedance of 10kO or 
lower, the DC crosstalk exceeds 120dB. 

Table 2 shows typical AC crosstalk and off isolation 
performance. Digital feedthrough is masked by the 
analog charge injection when the output is enabled. 
When the output is disabled, the digital feedthrough 
is virtually unmeasurable, since the digital pins are 
physically isolated from the analog section by the 
Ground and V" pins. The groundplane formed by 
these lines is continued onto the MAX378/9 die to 
provide over 100dB isolation between the digital and 
analog sections. 



Table 2A. Typical Off Isolation Rejection Ratio 



Frequency 


100kHz 


500kHz 


1MHz 


One Channel Driven 


74dB 


72dB 


66dB 


All Channels Driven 


64dB 


48dB 


44dB 



Test Conditions: Vin = 20V PK -pk at the tabulated frequency, 
R L ■ 1.5k between OUT and Ground, EN = 0V. 



OIRR = 20 Log 2 ° Vpk ' pk 

VOUT (PK-PK) 



Table 2B. Typical Crosstalk Rejection Ratio 



Frequency 


100kHz 


500kHz 


1MHz 


F L = 1.5k 


70dB 


68dB 


64dB 


Rl = 10k 


62dB 


46dB 


42dB 



Test Conditions: Specified Rl connected from OUT to 
Ground, EN = +5V, A = Ai = A 2 = +5V (Channel 1 selected). 
20Vpk-pk at the tabulated frequency is applied to Channel 2. 
All other channels are open circuited. Similar crosstalk 
rejection can be observed between any two channels. 



Channel-to-Channel Crosstalk, 
Off Isolation and Digital Feedthrough 

At DC and low frequencies the channel-to-channel 
crosstalk is caused by variations in output leakage 
currents as the off channel input voltages are varied. 
The MAX378 output leakage varies only a few pico- 
amps as all 7 off inputs are toggled from -10V to +10V. 
The output voltage change depends on the impedance 
level at the MAX378 output, which is R DS( on) P'us the 
input signal source resistance in most cases since the 
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Analog Multiplexers 
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IN 5 — f-ignrt Will \W- IN, 



GND 



A 2 A| A EN 

0.151- , 

|3.835mm| 



Ordering Information (continued) 



PART 


TEMP. RANGE 


PACKAGE 


MAX379EPE 


-40° C to +85° C 


16 Lead Plastic DIP 


MAX379EWE 


-40° C to +85° C 


16 Lead Wide SO 


MAX379EJE 


-40° C to +85° C 


16 Lead CERDIP 


MAX379MJE 


-55°C to +125°C 


16 Lead CERDIP 


MAX379MLP* 


-55°C to +125°C 


20 Lead LCC 


MAX379C/D** 


0°C to +70° C 


Dice 



Contact Factory for availability. 

The substrate may be allowed to float or be tied to V* 
(Jl CMOS). 



NOTE: Connect substrate to V* or leave it floating. 



MAX379 



IN 4B 0UT B OUT* INm 




Ai Ao EN 
0.151- . 



|3.835mm| 



NOTE: Connect substrate to \T or leave it floating. 

Maxim cannot assume responsibility tor use ol any circuitry other thi 
Maxim reserves the right to change the circuitry and specifications 1 
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Maxim cannot assume responsibility tor use ol any circuitry other than circuitry entirely embodied in a Maxim product. No circuit patent licenses are implied. 
Maxim reserves the right to change the circuitry and specilications mthoul notice at any time. 



/I/I /J XI /l/l 

Appendix 



Package Unit Process Flow A-ii 

Surface Mount Products A-1 

Die and Wafer Sales ." A-2 

Maxim's /883 and /HR Program A-4 

Proprietary and Second Source Numbering System A-5 

Package Information A-6 

Maxim U.S. Sales Representatives A-26 

Maxim U.S. Franchised Distributors A-26 

Maxim U.S. Chip Distributors A-26 

Maxim International Representatives A-26 



/H/JXI/H 



A-i 



Package Unit Process Flow 



Wafer Inspection 

All wafers are fabricated using specifically developed 
processes with extremely tight control. Each must pass 
numerous in-process check-poi nts for oxide thickness, 
critical dimensions, pin hole densities, and other 
requirements, and must comply with Maxim's de- 
manding Electrical and Physical Specifications. 

Finished wafers are inspected optically to detect any 
physical defects. Then they are parametrically tested to 
insure full conformity to Maxim's specifications. Our 



PARAMETRIC TEST AND 
WAFER LOT ACCEPTANCE 



TRACEABILITY TO WAFER LOT 
ELECTRICAL TEST-DIE SORT 



SAW AND BREAK 



2nd OPTICAL VISUAL 



DIE ATTACH, WIRE BOND, 
3rd OPTICAL, BAKE, SEAL, 
CURE, LEAD TRIM AND FINISH 

MARK 



100% ELECTRICAL TEST 







RELIABILITY SAMPLES PUT 
ON HUMIDITY TEST 




100% BURN 


IN AT 150° C 




1 


100% FINAL ELI 


ECTRICAL TEST 




■ »■ 


RELIABILITY SAMPLES PUT 
ON LIFE TEST 





parametric measurement capability has been specially 
designed by Maxim to make the precision measure- 
ments which are mandatory to insure reliability and 
reproducibility in analog circuits. We believe this quality 
control technology to be the best in the industry, 
capable of resolving below IpA current levels, and less 
than IpF capacitance. Maxim's proprietary software 
allows automatic measurement of subthreshold charac- 
teristics, fast surface state density, and other parame- 
ters which are crucial to predicting long term stability 
and reliability. 

Every Maxim wafer is subject to this rigorous screening 
at no premium to our customers. 

Testing 

After wafer parametric inspection, each die is 100% 
tested prior to assembly. Once assembled, units are 
tested over temperature. This is not a common practice 
in the industry. By using the latest high speed automatic 
handling equipment, Maxim is able to offer "at temper- 
ature" testing for no additional cost. 

Sophisticated testing is an integral part of delivering 
the highest quality data acquisition products. Maxim's 
analog test capability represents an order of magnitude 
improvement in accuracy, noise performance, and 
speed when compared to current industry standards. 
This provides the customer with total assurance that he 
will receive the part he paid for every time, without fail. 

Product Conditioning 
and Qualification 

Reliability of Maxim's products is further assured by 
subjecting parts to qualification cycles that include 
accelerated life tests equivalent to 20 million operating 
hours, as well as pressure and humidity (85°C/85%) 
cycles. In addition, every unit shipped has been burned- 
in (with the exception of reversed lead and Surface 
Mount Products— see below) to further reduce the pos- 
sibility of field failure. 

Products processed to this level are normally available 
from other manufacturers at a price premium, by order- 
ing special process flows. Maxim provides this testing 
and conditioning, including a 100% burn-in, at no 
additional cost. 



MARK AND PACK 



Q.A. ELECTRICAL 



PLACE INTO STORES 



QA OUTGOING FINAL 
INSPECTION 



SHIP TO CUSTOMER 
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Surface Mount Products 



Maxim is committed to providing high quality, high 
reliability 8 to 60 lead plastic surface mount products. 
With few exceptions, every monolithic product will be 
offered in a surface mount package. These products 
are processed through the same manufacturing flow 
as the dual-in-line (DIP) plastic devices and are tested 

Pin Convention 

0.150" JEDEC SOIC (S) parts have the same pinout 
as in the 0.300" DIP package equivalents. 
0.300" JEDEC SOIC (W) parts also have the same 
pinout as in the 0.300" DIP package except for 
selected products in the 16 lead. 14 lead products 
that are too large for the 0.150" 14 lead (S) package 
are made available in the 0.300" 16 lead (W) package. 

Flatpack Pin Convention 

No fixed convention exists for 40-lead products 
assembled in either 44-lead or 60-lead flatpack. Con- 
sult product marketing for specific pin-outs. 



to the same stringent electrical and visual AQL levels, 
with the exception of 100% burn-in and cold test. 
They receive the same product conditioning and lot 
qualification as the DIPs. Maxim still assures the 
reliability of every lot by subjecting a sample from 
each lot to a long term life test prior to shipment. 

Quad Pack Pin Convention 

1. ) Devices in the 28 Lead Quad Pack are pin for pin 

number compatible with the DIP package. That is 
to say, pin 1 on the 28L Quad will be the same 
function as pin 1 on the DIP package. 

2. ) All 40 Lead devices planned for the 44 Lead 

Quad pack will have the following pin conven- 
tion: 



DIP 


QUAD 


DIP 


QUAD 


DIP 


QUAD 


DIP 


QUAD 


PIN* 


PIN# 


PIN* 


PIN* 


PINft 


PIN# 


PIN* 


PIN* 




1 N/C 




12 N/C 




23 N/C 




34 N/C 


1 


2 


11 


13 


21 


24 


31 


35 


2 


3 


12 


14 


22 


25 


32 


36 


3 


4 


13 


15 


23 


26 


33 


37 


4 


5 


14 


16 


24 


27 


34 


38 


5 


6 


15 


17 


25 


28 


35 


39 


6 


7 


16 


18 


26 


29 


36 


40 


7 


8 


17 


19 


27 


30 


37 


41 


B 


9 


18 


20 


28 


31 


38 


42 


9 


10 


19 


21 


29 


32 


39 


43 


10 


11 


20 


22 


30 


33 


40 


44 



Surface Mount 
Packages In Reeled Tape 

Maxim surface mount packages are normally shipped 
in antistatic plastic rails. They are also available 
mounted in pockets on embossed tape for customers 
using automatic placement systems. The tape is 
wound and shipped on reels. 

The following table and diagrams indicate the tape 
sizes used for the various package types and the 
basic orientation convention used. Further tape and 
reel specifications can be found in the Electronic 
Industries Association (EIA) standard 481. 
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COMPONENT 


TAPE SIZE mm (W) 


PART PITCH mm (P) 


8L 


12 


8 


SOIC 14L 


16 


8 


16L 


16 


8 


16L 


16 


12 


18L 


24 


12 


SOIC 20L 


24 


12 


24L 


24 


12 


28L 


24 


12 


PLCC 28L 


24 


16 


44 L 


32 


24 


PFP 44L 


24 


16 


60L 


44 


32 



USER DIRECTION OF FEED 
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All ot Maxim s standard products are avanaDie in die 
and wafer form. Every diffusion lot committed to 
die/wafer sales is qualified through a die sample 
assembled into packaged units. This sample is then 
subjected to "Packaged Unit Process Flow" the stan- 
dard to ensure lot quality and reliability. 

Electrical Specifications 

All material committed to die/wafer sales is 100% 
electrically probed using Maxim's sophisticated test 
equipment. Most parameters tested are checked to 
limits that are more stringent than the data sheet 
25°C worst case parameters. 

Generally, the parameters or parameter limits listed in 
the packaged unit data sheets are tested during elec- 
trical probe. However some parameters are impossible 
to test or test with absolute accuracy on unassembled 
product. Information regarding any of these parame- 
ters/parameter limits may be obtained from the 
factory. 



Physical Specifications 



PARAMETER 


3" 


4" 


UNITS 


Chip Thickness 
Backlapped wafers 


13 ± 1 


15 ± 1 


mils 


Die length/width tolerance 


± 1 


mils 


Bonding pads 
dimensions (minimum) 


4.0 x 4.0 


mils 


Bonding pad and 
interconnect material thickness 


10K-15K 


A 


Storage temperature 


-40 to +150 


°C 


Operating temperature 


-20 to +70 


°C 



Die and wafers are visually inspected according to 
MIL-STD-883, Method 2010.2, Condition B with modi- 
fications reflecting CMOS requirements. 

Each die surface is protected by a planar passivation 
layer and additional surface glassivation except for 
bonding pads and scribe lines. The surface passivation 
is removed from the bonding pad areas by HF etching 
or by plasma etching. The bonding pads may appear 
discolored at low magnification due to surface rough- 
ness of the aluminum caused by the etchant. 

Maxim guarantees die and wafer AQL levels as 
follows: 

Visual 1.0% 

Functional Electrical Testing 0.65% 

Parametric DC Testing 2.5% 

Untested Parameters 6.5% 



Assembly Procedures 

Handling 

Maxim recommends that die and wafers be stored in 
a clean, dry ambient— preferably inert gas. Extreme 
care should be taken when handling die. Both elec- 
trical and visual damage can occur as a result of an 
unclean environment or harsh handling techniques. 

Die Attach 

To prevent oxidization the die attach operation 
should be done under a gaseous nitrogen ambient 
atmosphere. If an eutectic die attach is used, it is 
recommended that a 98% gold/2% silicon preform 
be used at a die attach temperature between 385°C 
and 435°C. If an epoxy die attach is used, the epoxy 
cure temperature should not exceed 150°C. 

Bonding 

Thermosonic or thermocompression gold ball bond- 
ing may be used with 1.0 or 1.3 mil diameter 99.99% 
pure gold wire. Ultrasonic bonding may be used 
with 1.0 or 1.25 mil diameter 99% aluminum/1% 
silicon wire. 

Standard Die and 
Wafer Carrier Package 

Die and wafers are packaged as shown in Figures 1 
and 2, respectively. 





J- FOAM 




J- FILTER PAPER 




FILTER PAPER 




]- FOAM 




jM- PLASTIC BOX 



Figure 1. Wafer Carrier Package 
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D/ce Process Flow 




COMPARTMENTED 
TRAY 



CLEAR AMBER COVER 
WITH ANTI-STATIC 
PLASTIC FILM 



POSITIVE LOCKING 
CLIPS 



WAFER FABRICATION 



Figure 2. Die Carrier Package 

Changes 

Maxim reserves the right to improve device geome- 
tries and- manufacturing processes without prior 
notice. Although these improvements may result in 
slight geometry changes, they will not affect die 
electrical limits, pad layouts, or maximum die sizes. 

User Responsibility 

Written notification of any non-conformance by 
Maxim or Maxim's dice specifications must be made 
within 75 days of the shipment date of the die to the 
user. Maxim assumes no responsibility for the dice 
after 75 days or after further user processing such 
as, but not limited to, chip mounting or wire bonding. 



INCOMING WAFER INSPECTION 

100 % WAFER PARAMETRIC TEST 

100% WAFER VISUAL INSPECTION 

WAFER LOT TEST FOR PASSIVATION, 
CV DRIFT AND OTHER 
RELIABILITY INDICATORS 



100% ELECTRICAL PROBE 



SAW FRACTURE AND CLEAN 



100% VISUAL 



QC 

-■ SAMPLE 

\-+- ASSEMBLED 
■J FOR LOT 

QUALIFICATION 



CARRIER LOADING 



QC VISUAL 



PACKING AND SHIPPING 



] 



Ordering Information 



Die orders are identified by a /D suffix. 
Example: ICL7109C/D 

When ordering die in wafer form replace "D" 

in the part numbers with a "W" 

Example: MAX7231C/D Die = MAX7231C/W Wafer. 
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Maxim's /883 and /HR Program 

883 PROGRAM HR PROGRAM 



As of July 1 st, 1 988, Maxim is a certified manufacturer of Mil- 
Std-883, Class B, Rev. C product. Becoming a manufacturer 
capable of processing product to 883 requirements entails 
operator training, equipment calibration, documentation, 
design baselines etc., that are intangible and transparent for 
the product. In addition to factory certification, every device 
must be individually certified and qualified. 

In summary, this program produces devices that are tested 
to operate over the military temperature range (-55'C to 
+125'C) and are meticulously processed per Mil. Method 
5004. Finally, the 883 device manufacturing lots are sub- 
jected to Quality Conformance inspection per Mil. Method 
5005 (Groups A, B, C, and D testing). Once a manufactur- 
ing lot has been processed through these two stringent 
methods, it is ready for sale as /883 compliant product. 



Prior to the inception of the 883 program, Maxim offered its 
products in an /HR (High Reliability) Flow. Maxim will con- 
tinue to offer this highly successful processing program for 
customers requiring military grade product, but who do not 
want to pay the substantial cost added for certified product 
in full compliance to Mil-Std-883. The /HR program offers 
device processing which emulates Mil. Method 5004 
processing, including full material traceability and process 
genealogy from Incoming Raw Materials through Final Ship- 
ment. However, full QCI testing will not be performed unless 
requested. Only Group A of Mil. Method 5005 will be done 
per lot. Groups B, C, and D must be specifically requested 
during order placement. This is done simply by placing a 
single letter suffix (B, C, or D) at the end of the ordered part 
number (see chart). 

Ordered Part # Processing 

MAX358MJE/HR Device will be processed 

through the full /HR Flow 
emulating Mil Method 5004 and 
QCI tested to Group A of Mil 
Method 5005. 

MAX358MJE/HRB Same as above with the addi- 

tion of Mil Method 5005 Group 
B testing. QCI contains both 
Group A and B. 

MAX358MJE/HRC Same as above except now 

QCI includes Group C. QCI 
now contains Groups A, B, and 

C. 

MAX358MJE/HRD Same as above except now 

QCI includes Group D. QCI 
now contains Groups A, B, C, 
and D. 

To order /883 or /HR devices, contact the Maxim sales rep- 
resentative or distributor in your area. 
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Proprietary and Second Source 
Numbering System 



Maxim's Proprietary 
Numbering System 

Maxim's proprietary product introductions are increas- 
ing at a significant rate. The devices are grouped by 
their functions into certain categories. Maxim present- 
ly uses a "MAX" as the prefix to the device's unique 
number. The categories are as follows: 

MAX100-199 Analog-to-Digital Converters 
MAX200-299 Interface 

MAX300-399 Analog Switches and Multiplexers 
MAX400-499 Op-Amps, Buffers and Video Amplifiers 
MAX500-599 Digital-to-Analog Converters 
MAX600-699 Power Supply Circuits and 

Voltage References 
MAX700-799 Peripherals and Display Drivers 
MAX800-899 Open 
MAX900-999 Open 

Within each category, blocks of numbers are reserved 
for sub-groups. 

3 Letter Suffixes 

EXAMPLE: MAX358CPD 

^ — Lead Count 

' Package Designator 

' Operating Temperature 

Temperature Range 

"C" 0°C to +70°C 
"I" -20°C to +85°C 
"E" -40°Cto+85°C 
"M" -55°Cto+125°C 

Package 

"A" TO-237 

"C" TO-220 

"D" Ceramic Sidebraze 

"F" Ceramic Flat-Pack 

"H" TO-66 

"J" CERDIP Dual-ln-Line 
"K" TO-3 

"L" Leadless, Ceramic 

"M" Plastic Flat Pack 

"N" Narrow Plastic Dual-ln-Line 

"P" Plastic Dual-ln-Line 

"Q" Plastic Chip Carrier (Quad Pak) 

"R" Narrow CERDIP (24 pin, 0.3" wide) 

"S" Small Outline, Slim (8 or more leads), 

150 mil 
"S" TO-52 (2 or 3 leads) 
"T" TO-5 Type (also TO-78, TO-99, TO-100) 
"U" TO-72 Type (also TO-18, TO-71) 
"V" TO-39 

"W" Small Outline, Wide (300 mil) 
"Z" TO-92 
"/D" Dice 
"/W" Wafer 

On Package Information Indicates Hybrid 

Circuit 



Number of Pins 



"A" 


8 


"P" 


20 


"B" 


10 


"Q" 


2 


"C" 






o 
o 


"D" 


14 


"S" 


4 


"E" 


16 


"T" 


6 


"F" 


22 


"U" 


60 


"G" 


24 


"V" 


8 (0.200" pin circle, 


"H" 


44 




isolated case) 


"I" 


28 


"W" 


10 (0.230" pin circle, 


"J" 


32 




isolated case) 


"L" 


40 


"Y" 


8 (0.200" pin circle, 


"M" 


48 




case to pin 4) 


"N" 


18 


"Z" 


10 (0.230" pin circle, 



case to pin 5) 



4 Letter Suffixes 

The first letter of the suffix is used to denote product 
grade, for example, MAX631 ACPA means 5% output 
accuracy (A), the remaining 3 letters denote tempera- 
ture range, package type and number of leads. There- 
fore, the MAX631 ACPA operates over the 0°C to 
+70°C and is in a Plastic Dual-in-Line package and 
has 8 leads. 



Second Source Products 

In most cases, Maxim's part number for a multiple 
source product follows the numbering system that is 
most widely accepted in the industry for that particu- 
lar part, rather than our own convention. This includes 
original designators for package type, temperature 
range, and performance grades as well as the most 
commonly recognized prefix. 

Multiple source products are frequently supplied by 
Maxim in packages or temperature ranges that are 
not supplied by other manufacturers. Whenever pos- 
sible, such a device is given the part number that it 
would have if the original numbering convention were 
followed. For example, if a military temperature grade 
of a product is not supplied by other sources but is 
available from Maxim, the original manufacturer's 
designation for military temperature will be used. As 
a result, a specific part number supplied by Maxim 
may not be listed by the "original" manufacturer. 



Package Information 

This section contains physical dimensions and ther- 
mal data for all packages currently supplied by 
Maxim. Each drawing is followed by a two letter code 
which indicates package type (Plastic DIP, Small Out- 
line, etc.) and number of leads. This code is also 
used, along with indicators for temperature range 
and device grade (where appropriate) in the part num- 
ber suffix for each of Maxim's proprietary devices. 
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0.350 - 0.370 




MAX 

0.016-0.019 „.. 
^ 10.406 - 0.4831 u '"' 



8 Lead TO-99 (TV) 

e JA = i50°c/w 

9 JC = 45°C/W 



0.250 ± 0.005 ; 
|5350±ai27|. 



0.025 r 0.015 
[0.635 I 0.3811 " 



0.395 
(10.0331 



MAX. 



LEAD #1 



U U U 



O030 -o.no 

0.762 - 2.794 



RAO. 



0.130 ± 0.005 
13.302 ± 0.1271 



1 



IE 



0.040 
"11.0161 



TYR 



0.300 - 0.320 
[7.620 -ai28|" 



&in.J~ 



10.5081 



Mi 



j~|0! 



0.020 
5081 



0.018 ± 0.003 
[0.457 ± 0.0761 



0.125 , 
[3.1751 



0.100 + 0.010 



0.009 - 0.015 
0.229 - 0.381 



[2.540 _+ 0.2541 



0.325 _jj 
112571 



8 Lead Plastic DIP (PA) 

e JA = i20°c/w 
e JC = 70°c/w 



Package Information 



LEAD #1 . 
D OM - 1018 



[0 356 - 0.4571 



0.01 B- 0.022 J I, 
10.457 - 0.5591 



0.188-0.197 



=T 1 I 

0.150 - 0.158 0,181 - 0.205 0.228 - 0.244 

[3.810 - 4.0131 14.597 - 5 207) 15.791 - 61981 

i I 



0.050 
[I 270] 



BSC 



[4.775 - 5.004) 



0.015 
[0.3811 



0D53 - 0.069 
" 004 - 0.008 J ,i 346 - 1 753) 
[0.102 - 0.2031 1 1 



3°-6°' f 
0.007 - 0.009 
[0.178 - 0.2291 



8 Lead Small Outline (SA) 

e JA = i70°c/w 
e JC = 80°c/w 



0.400 
II0.I6OI 



MAX 



0.29) 
17.391 1 



MAI 



,nnn 



■ LEAD »1 
0.025 



[06351 



RAD 



0.020 - 0.07 
10.508 - 1 



'778|j 



UU ^^. 0.060 . 0.005 
n-[),524 ± 0.127] 
0.200 „.„ 
[5.0801 1 

.J. r#}|«.N 

-10 



0.290 - 0.320 
[7.366 - 8.128] 



0060 M ,y_^ 

[1.524] m "* 

0.100 r 0.010 
12.540 - 0.254) 




F"(3.t7 



0.160 
T [4.064] 



MAX 



0.018 i 0.002 
10.457 t 0.0511 




fl~ J 



T 



0.008 - 0.012 
[0.203 - 0.3051 



0.385 r .025 
[9.779 + 0.6351 



8 Lead CERDIP (JA) 

9 JA = 125°C/W 
e JC = 55°C/W 



A-7 



Package Information 



(13.21) mm 



0485 



(12.319) 
- LEAD #1 

050 
(1 .270) 



MAX. 



RAD. 



(0.127) 



0.050 ±0.005 tvo 
(1.270 + 0.127) 




0.298 
(7.569) 



MAX. 



008- 0.015 



(0.203-0.381) 



'(T620) 



REF. 



8 Lead Ceramic Sidebraze (DA) 

e JA = 120°c/w 
e JC = 50°c/w 



0.029 - 0.045 

(0 737 - 1.143) 

0.028 - 0.034 ^/ 
[0.711 - 08641 '/ 




LEAD #1 



. 0.016 - 0.019 m , 
*" 10.406 - 0.4831 DIA 



10LeadT0-100 Can (TW) 

e JA = i50°c/w 

e JC = 45°C/W 



A-8 



/I XI Ski 



Package Information 



0.250 ± 005 
[5350 + 0.1271 



I 



0.770 

(19.558] m,i - 

nnnnnnn 



uuuuuuu 

0.073 ±0.015 



-LEAD #1 
0.030 - 0.110 



fe^ 10.762 - 2.794] 



RAO. 



0.040 
11.0161 



[1.854 ±0.381) 



TYP.- 



0.020 
10.508] 



0.1 30 ±0.005 
13.302 ±0.127] 



0.300 - 0.320 
(7.620 - 8.128] 



0.020 
10.508] 



MIN. 



I til 
I*. 131 



0.01 8 ±0.003 
(0.457 ± 0.076] 



k 



0.009 - 0.0)5 
10.229 - 0.3811 



MIN. 



0.100 ±0.010 
(2.540 ± 0.254] 



0.325 
[a. 255 



■ 0.025 
-0.015 
0.635 1 
- 0.381 1 



14 Lead Plastic DIP (PD) 

e JA = i40°c/w 
e JC = 70°c/w 



H R H H H H H 



LEAD # 1 



— T T I 

0.150 -0.158 0.161 - 0.205 0.228 - 0.244 

13.810-4.013] 14.597 - 5.207] [5.791 - 6.198] 

L 1 



0014-0.018 
10.356 - 0.4571 



0.016 
10.3811 




0.004 - 0.008 
10.102 - 0.2031 



14 Lead Small Outline (SD) 

e JA = ii5°c/w 
e JC = 60°c/w 



ski/ixiyki. 



-A-9 



Package Information 



(7.39)) mAA 



[ 



0.100 
(2 540) 



MAX -H 



0.785 



MAX 



1)9.939] 

nnnnnnn 



uuuuuuu 



y 



- LEAD #1 

0.025 



10.635] 



RAD 



0.125 
[3.175] 



MIN 



0.160 
(4.0641 



MAX 



0.020 - 0.070 
(11508 - 1.7781' 



0.060 ± 0.005 
[1524 ±0.1271 



0.100 ±0.010 
[2.540 ± 0.2541 



0.290 - 0.320 
[7.336 -ai2B] 



0.008 - 0.012 



[0.203 - 0.305] 



0.385 ± 0.025 
19.779 ± 0.6351 



0.018 ±0.002 
10.467 ± 0.051] 



14 Lead CERDIP (JD) 

e JA = io5°c/w 
e JC = 50°c/w 




0.015 - 0.035 
(0.381 

0095 - 0.105 
[2.413 - 2.667] 



(0.406 - 0.5081 I' 366 " 



0.290 -0.310 



14 Lead Ceramic Sidebraze (DO) -1 

e JA = ioo°c/w 

e JC = 45°C/W 



A-10 



Package Information 



, 0.780 M1I _J 
-»~|ig.8l2| m/u-w 




0.025 - 0.015 
10.635 - 0.3811 



0040 Tvp 0.020 
H-OIBl £|I561 



0.020 „ 1U J 
Pli MIN 



0.018 i 0.003 
(0.457 t 0.0761 



MIN 



0.100 ± 0.010 
[2.540 ± 0.254] 



O'-IO" 



0.300 - 0.320 
17.620 - 8.128] 

n 



(«»3ffi) 



16 Lead Plastic DIP (PE) 

9 JA = 135°C/W 
e JC = 65°C/W 



LEAD #1 - 



0.014-0.018 
10.356 - 0.4571 



RRRHHRRR 



ti ti ti ti ti ti ti 



t 



0.150 -0.15B 0.181 - 0.205 0.228 - 0.244 
I - 1 

I 



(3.810 -4 .013) 14.597 - 5.207) [5 



—J L--W 



0.050 
.2701 



BSC 




(0.102 - 0.2031 



16 Lead Small Outline (SE) 

e JA = no°c/w 
e JC = 6o°c/w 



✓HyJXiyH 



A-11 



Package Information 



LEAD #1 



0.2 91 -U.299 

17.391-7.595) (8.738-9.246) (10.008 - 10.643) 



0.344 -0.364 



0.394-0.419 



0.050 



. 014-0.019 
^(0.356-0.482) 



J4?I 



(1.270) 



BSC. 



0.092-0.104 
(2.337 -2.642) 



10.658 



0.030 
(0.762) 



MAX. 

0.003 -0.011 
(0.076-0.279) 



1 



88 - .096 
(2.250-2.450) 




0.009 -0.012 
(0.229-0.305) 



16 Lead Small Outline, Wide (WE) 

e JA = io5°c/w 
e JC = 60° c/w 



291 
17.3911 



MAX 



MAX — 
11.2701 mAJ ^ 



0-785 „,»_^i 

• lyg^gj MAX LEA Q # , 

0.025 



LI I U U U U U TT 



6351 



RAD 



Jr p" 11.524 ± 01271 [" 

0.020 - 0.070 ~T~ 
10.508 - 1.778) 

0.1 00 ±0.010 . 
12.540 ± 0.2541 ~*1 



0.060 i 0.005 



0.125 
13.1751 



MIN 



to 0.018 ±0.002 
^ 10.457 ± a051] 



0.290 - 0.320 
(7.366 8.128] 



0.008 - 0.012 
10.203 - 0.3051 



0.385 ± 0.025 
19.779 1 a6351 



16 Lead CERDIP (JE) 

e JA = ioo°c/w 
e JC = 50°c/w 



A-12 



Package Information 



0.810 ,..„ 


n m 


(20.574) 

.» 0.485 . MAX _J 
(12.319) 

n — ii i r~i i i r~t* 








L_IL_]I_JL_IL_II_JI__II__I 

[•-(off) MiN - 



LEAD #1 



0.050 
(1 .270) 



RAD. 



0.020-0.060 
(0.508-1.524) 



0.0501 0.005 



(1.270 ±0.127) 



TYP. 



(4.191) 



t 
















t 


t 

0.125 -0.200 » 









(7,569) 



MAX. 



(7.620) 



(0.381 -0.584) (2.540 ± 0.254) 

16 Lead Ceramic Sidebraze (DE) 

e JA = 95°C/W 
e JC = 45°C/W 



0.250 ± 0.005 
[6.350 ±0.127) 



, 0.920 M , t 
nnnnnnni-in 



uuuuuuuuu 



LEAD #1 
0.030 - 0.110 
" (0.762 - 2.794) 



RAD. 



0.060 ± 0.005 
[1.524 ±0.127) 



0.130 + 0.005 
[3.302 ±0.1271 

i 



0.020 
(0.508) 



MIN. 



0.01 8 ±0.003 
[0.457 ± 0.0761 



0.040 
(1.016) 



TYP. 



0.020 
[0.5081 



0.300 - 0.320 
[7.620 -8.1281 



0.125 
(3.175) 



MIN 



>■ 0.100 ±0.010 
12.540 ± 0.254) 



0325 toi 

(&255 



18 Lead Plastic DIP (PN) 

e JA = i30°c/w 
e JC = 60°c/w 



>n>JXiyn 



A-13 



Package Information 



LEAD #1 



JHHHHHHHR 







T 



T 



0.291 -0.299 344-0.364 0.394-0.419 



I7.391-7.S95I (8.738-9.246) (10.008-10.643] 



_J L-JLHL 



.... 0.014-0.019 
(0.356-0.482) 



(1.270) 



BSC. 



0.092-0.104 
(2.337-2.642) 



0.462 
(11.735) 



MAX.- 



1 (0 



762) 



J 



0.088-0 086 
(2.250 - 2.450) 



7 -A k 

88-0.096 I | (' 



0.053 . 
346) 



0015 
(0.381) 

3° -6° 



" 009 -0 012 
(0.229-0.305) 



18 Lead Small Outline, Wide (WN) 

e JA = io5°c/w 
e JC = 60° c/w 



[7.391 1 



1 



0.050 
11.2701 



0.910 



MAX. 



[23.1101 
nnnnnnnn 



0160 MJY 
14.0641 mnX 



u u u u u u u 



3" 

r 



LEAD #1 

0.025 



10.6351 



RAO 



m 



0.020 - 0.070 



0.060 t 0.005 



[1.524 ±0.127| 



0.290 - 0.320 
, (7.366 - 8.128) 
MIN U J 



10.508 - 1.7781 " 



0.100 ±0.010 . 
[2.540 ± 0.254] "* 



T [3.1751 
| = 



4 



T 

,^'» ± °-°°;, 0.385 ±0025 
[0457 ±00511 ,97779^0.635) 



0.008 - 0.012 
(0.203 - 0.305) 



18 Lead CERDIP (JN) 

e JA = 90°c/w 
e JC * 45°C/W 



A-14 



/v\/r/L\/v\ 



Package Information 




0.910 
(23.114) m 

(12.319) "™" 



1 



-LEAD #1 



0.05O 
(1.270) 



RAD. 



0.005 MIU 
(07127) MIN - 



020- 0.060 
(0.508-1.524) 



0.125-0.200 
(3.175 - 5.080) 



0.050 t 0.005 



(1.270 ±0.127) 



TYP. 



1 



WOO0L» 



T 



0.298 
(7.569) 



0.008-0.015 
"(0.203-0.381) 



0.300 
(7.620) 



REF. 



18 Lead Ceramic Sidebraze (DN) 

e JA = 90°c/w 
e JC = 4o°c/w 



0.250 r 0.005 
(6.350 ±0.127] 



J.050 



(26.67) 

nnnnnnnnnn 



uuuuuuuuuu 

. 0.060 ± 0.005 



r 



LEAD #1 

0.030 -quo 

[0.762 - 2.7941 



RAD. 



(1.524 ±0.1271 



0.130 ±0.005 
(3.302 + 0.127) 

1 



0.020 



_ 0040 
(1.0161 



TYP. 



WWWWf: 

L 



0020 
10 508) 

_i_ 



0.125 . 
[3.175|" 



0.100 ± aoio 

(2.540 + 0.2541 



0300 - a320 
(7.620 -ai28| 



0.325 
(a255 



20 Lead Plastic DIP (PP) 

6 JA = 125°C/W 

e JC = 60°c/w 

/V\ y\ X I /H A-15 



Package Information 



FLJUL 



LEAD »1 



0.29 1 -0.299 0.344 - 0.364 0.394 - 0.419 
[7.391-7.5951 (8.738-9.246) (10.008-10.643] 



h (0.356 -0.482) 



-J u 



(1.270) 



BSC. 



0.512 
(13.005) 



0.092-0.104 
(2.337-2.642) 



. I 0.088-0 



(0.076-0.279) 



.096 
(2.250 - 2.450) 




20 Lead Small Outline, Wide (WP) 

e JA = ioo°c/w 
e JC = 50° c/w 



0.291 
(7.391] 



[24.6381 L^- — LEAD #1 

nnnnnnnnnnr 00 2 5 

J — ^(06351 RAD 




0.160 
14.0641 

0.020 - 0.070 
[0.508 - 1.778) 

0.100 - 
(2.540 ± 0.2541 



0.125 
13.175] 



MIN 



290 - 0.320 
(7.366-8.128) 



0°-10' 



0.008 - 0.012 



" 10.203 - 0.3051 



^1M±« 0.385 ±0.025 
■^(0457 ±O051| | 9 779 ± .635j 



20 Lead CERDIP (JP) 

e JA = 90°c/w 
e JC = 40°c/w 



Package Information 



r 



1.010 ...„ 
" (25.654) 

0.485 



. „. MAX. — 
(12.31 9> 

I — I' — I' — 'I — I' — i 1^1 



L 0.005 „,., 



0.020-0.060 
(0.508-1.524) 




0.050 + 0.005 
(1.270 ±0.127) 



TYP. 



0.125-0.200 
(3.175 - 5.080) 



LEAD #1 



0.050 
(1.270) 



RAD. 



1 



L .100 t 
(2.540 ± 



0.165 
(4.191) 



MAX. 



0.010 
0.254) 



0-298 ^ 
(7.569) 
•* ► 



0.008-0.015 



(0.203-0.381) 



(7.620) 



REF. 



20 Lead Ceramic Sidebraze (DP) 

e JA = 85°C/W 
e JC = 35°C/W 




20 Lead Plastic Chip Carrier (Quad Pak) (QP) 

e JA = iio°c/w 
e JC = 50°c/w 



A-17 



0-540 ± 0.005 
13.716 ± 0.127 



32.258 

A,A.,H,A.A. AAAA AA^ 



LEAD #1 

V 



L 0.060 1 0.002 I 
1.524 ± 0.051 ~ 



0.030 - 0.110 
0.762 - 2.794 



0.030 
0.762 



0.150 t 005 
3.810 ± 0.127 



Q.018 d 
0.457 ± 0.051 



0.600 - 0.620 
15.240 - 15.740 



18 ± 0.002 — *-| [■«— JL! 2 . 



0° - 10" 



+0.025 
0.625 -0.015 

+0.635 " 
15.875 -0.381 



0.009 - 0.015 
0.229 - 0.361 



24 Lead Plastic DIP (PG) 

8j A = 110°C/W 

e JC = 5o°c/w 



0.250 ±0.005 
(6.350 ±0.127) 

—,: 



-IS®. MAX - 
(32.26) 



.nnnnnnnnnnnn 



uuuuuuuuuuuu 

0.025 ±0.015 



0.130 ±0.005 
(3.302 ±0.127) 



"(0.635 ±0.381) 




LEAD #1 



_ 0.030-0.110 
(0.762-2.794) 



0.020 
(0.508) 



RAD. 



1 



0.300-0.320 
(7.620-8.128) 
■* 



0.009-0.015 
(0.229-0.381) 



(0.457 ±0.076) 



0.100 ±0.010 
(2.540 ±0.254) 



(3.175) 



MIN. 



„„ c +0-025 

0.325 -Q 015 

I +0.635 \ 

(8.225 ZSMT) 



24 Lead Plastic Narrow DIP (NG) 

e JA =120°c/w 
e JC = 60°c/w 



A-18 



si/isjxiski 



Package Information 



LEAD #1 




(0.762) 



0003 - 



0.011 I 0.088-0 096 



(1.346) 



-0.096 
(2.260 - 2.450) 



(0.076-0.279) 

24 Lead Small Outline, Wide (WG) 

e JA = 85°C/W 
JC = 45° C/W 



0.009 -0.012 
(0.229-0.305) 




0.020 - 0.070 T~ | *4* 

(0.508 - I.778I 



0018 1 0.002 
[0.457 ±0.051) 



0.008 - 0.012 
" [0.203 - 0.3051 



0.100 ±0.010 
12.540 ± 0.254) 



0.685 ± 0.025 
1 1 7.399 ± 0.635) 



24 Lead CERDIP (JG) 

9 JA = 55°C/W 

e JC - 20°c/w 



Package Information 



^1 MAY 

(7.391) mM - 

_* 



1 ? 7 ° MAY 

(32.25) 



nnnnnnnn nnnn 



■ LEAD 11 



' (0.635) 



RAD. 



UUUUUUL1LI UUUU 



0.060 ±0.005 
(1.524 ±0.127) 



.020 - 0.070 
(0.508-1.778) 



0.100 
(2.540) 



MAX - 




?j0 
(5.080) 

L 



MAX. 



0.290 -0.320 
(7.366 - 8.128) 



T 



T 

0.125 

"(0.457 ±0.051) (TT75) 
0.100 ± 0.010 



TT 



JU60 n 
(4.064) 



0.018 ±0.002 



0.008 - 0.012 
(0.203 - 0.305) 



(2.540 ± 0.254) 



24 Lead Narrow CERDIP (RG) 

e JA = 80°c/w 
e JC = 40°c/w 



1230 .... 


n m rn n 


(31.24) 
M 0.520 MAX. » 


i — i i — i i — i i — i * 


(13.208) SO. 

nnn i-i 






( 


i — ii — ii ii ii ii ii ii ii ii ii i i r" 

L 0.005 „.„ 

r (0.127) 



-LEAD #1 



0.05O 
(1.270) 



RAO. 



0.020-0.060 
(0.508-1.524) 



0.125-0.200 
(3.175 - 5.080) 



0.050 j D 005 



J (4.191) 




MAX. 



0.598 



(15.189) 



MAX 



0.008-0.015 
"(0.203-0.381) 



600 
(15.24) 



REF 



-I 



24 Lead Ceramic Sidebraze (DG) 

e JA = 50°c/w 
e JC = i5°c/w 



A-20. 



✓HyjxiyH 



Package Information 



154 - 126 

(31 5 - 33 0) 





24 Lead Ceramic Sidebraze (DG) -1,-2 

e JA = 50°c/w 
e JA =15°c/w 



a54o ± aoo5 ' 

113.716 ±0.127) 



0.050 ±0.015 
(1.270 + 0.381]" 

0150 ±0.005 
[3.810 + 0.127]^ 



1.470 



MAX.- 



(37.3381 ' 
nnnnnnnnnnnn 



■ LEAD #1 

0.030 - 0.110 
"(0.762 - 2.7941 



uuuuuuuuuuuuuu ' 



0600 - 0620 
115.240 - 15.748] 




jl 5.875 '_m 



28 Lead Plastic DIP (PI) 

e JA = no°c/w 
e JC = 50°c/w 



/H/JXI/H 



A-21 



Package Information 



mum 



291 -0.299 0.344-0.364 0.394-0.419 



(7.391 - 7.595| (8.738 - 9.246) (10.008-10.643) 



I 

JL 0.014-0.019 _J L 0.050 

(0.356 -0.482) ^ "~ (1.270) 



BSC. 




0.003 -P.O.. 
(0.076 -0.279) " 



0.088-0.096 
(2.250 - 2.450) 




28 Lead Small Outline, Wide (Wl) 

e JA = 80°c/w 

JC - 45°C/W 




0.008 - 0.012 
10.203 - 0.3051 



0.01810.002 
[0.457 ±0.051] 



n 

0.100 + 0.010 
12.540 ± 0.254) 



0.685 ± 0.025 
117.399 + 0.635] 



28 Lead CERDIP (Jl) 

6 JA = 55°C/W 
e JC = 20°C/W 



A-22 



ynyjxiyki 



Package Information 




(3.175-5.080) 



28 Lead Ceramic Sidebraze (Dl) 

e JA = 50°c/w 
e JC = 15°c/w 



0.045 
11.1431 



0.045 
11.1431 



LEAD #1 



0.050 
(1.270] 



u u u u u u u 



0.449 ± 0.001 
(11.405 ± 0.0251 



0.490 ± 0.005 
112.446+ 0.1271 




0.045 
143] 



0.022 
(0.5591 

I 0.420 ±0.005 
7 [10.666 ± 0.1271 

i 

, 0.027 
(0.6861 

, 0.102 



0.172 ± 0.003 
14.369 ± 0.076) 



28 Lead Plastic Chip Carrier (Quad Pak) (Ql) 

e JA = ioo°c/w 

6 JC = 45°C/W 



Package Information 



0.545 - 0.555 
[13.843 - 14.0971 



a 2.070 
[52.5781 

nnnnnnnnnn 



MAX • 



uuuuuuuuuuuuuuuuu 

0075 ±0.015 
[1.905 ±0.3811 



LEAD #1 



mo 



0.762 - 2.794 



RAD 



0.009 - 0.015 
[0.229 - 0.381] 



0.150 ±0.005 
13.810 ±0.127] 



0.050 
[1.270] 



TYP. 



0.030 
[0.762] 



O600 - O620 
115240-15.748] 



0020 
[0.5081 



MIN 



_JL J L, t 0.125 



MIN 



0.018 + 0.003 
[0.457 ± 0.076] 



0.100 ±0.010 
[2.540 ± 0.2541 



0.625 



0.025 
-0.015 



40 Lead Plastic DIP (PL) 

JA = 1OO°C/W 
9 JC = 45°C/W 



LEAD #1 




4.064 I 
I 



O050 
11.2701 



TYP. »| « 



0.125 
[3.175] 



MIN 



0.590 - 0.620 
14.986- 15.748] 



0.020 
0.508 



0° - 10 



aOIB ± 0.002 
10.457 ± a051] 



0.100 ±0.010 
[2.540 ± 0.254] 



0685 ±0.025 
[17.399 ± 0.635] 



40 Lead CERDIP (JL) 

9 JA = 45°C/W 

e JC = 20°c/w 
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Package Information 



LEAD #1 




I, 0.050 ±0.001 
11.270 ± 0.025) 



nnnnnnnnn nn 



UUUUUUUUUUU 



□ 
□ 

□ 
□ 

□ 0.650 ±0.005 
3 [16.510 ±0.127) 
□ 
□ 
□ 
□ 



690 ± 0.005 
[17.526 ±0.127) 




. 0.102 
[2.5911 



44 Lead Plastic Chip Carrier (Quad Pak) (QH) 

e JA = 80°c/w 

e JC = 40°C/W 




(13.700 ± 0.300I 



44 Lead Plastic Flat Pack (MH) 

e JA = i7o°c/w 

8 JC = 70°C/W 
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Maxim U.S. Sales Representatives 

Nevada 

(Reno, Tahoc. area only) 
See Pro Assoc.. Inc. 
San Jose. CA 
New Hampshire 
Conip Rep Associates 
(617)329-3454 
New Jersey 
TAI Corporation 
(609)778-5353 
New Mexico 
Techni Source Inc. 
(505)268-4232 
New York 
Emtcc Sales. Inc. 
(201)428-06(X> 
(516)752-1630 
Reagan/Com par 
(607) 754-2171 
North Carolina 
Electronic Mfg. Agents 
(919)846-6888 
Ohio 

The Lyons Corporation 
(513)278-0714 
(216)659-9224 
(614)895-1447 
Oklahoma 
See Southern Stales 
Marketing, Inc., 
Richardson. TX 
Oregon 
E.S. Chase 
(503)292-8840 
Pennsylvania 
(Pittsburgh area) 
See Lyons Corporation 
Westervillc.OH 
South Carolina 
Electronic Mfg. Agents 
(704)365-0547 
East Tennessee 
See Elec. Mfg. Agents 
Roswcll, GA 
West Tennessee 
See Elec. Mfg. Agents 
Huntsville. AL 
Texas 

Southern Stales 
Marketing Inc. 
(214)238-7500 
(512)835-5822 
(713)789-2426 
Utah 

Utah Component Sales. Inc. 
(801) 561-3099 
Virginia 

See Micro-Comp. Inc. 
Balilmore. MD 
Washington 
E.S. Chase 
(206)823-9535 
Wisconsin 

Heartland Technical 
Marketing Inc. 
(414)792-0920 



Electronic Mfg. Agents 

(205)830-4030 

Arizona 

Techni Source Inc. 
(602)730-8093 
California 
Mesa 

(619)278-8021 

Pro Assoc.. Inc. 

(408)248-5300 

Jones & McGcoy Sales. Inc. 

(714)547-6964 

(818)994-6500 

Colorado 

Thorson Rocky Mountain. 

(303)799-3435 

Connecticut 

NRG Limited 

(203)384-1112 

Florida 

Sales Engineer Concepts 
(305)426-4601 
(407)682-4800 
Georgia 

Electronic Mt'e. Agents 

(404)992-7240 

Idaho 

Inter Mountain Tech 

(208)888-6071 

Illinois 

Heartland Technical 

Marketing Inc. 
(708)358-6622 
Indiana 
EMCI 

(317)921-3450 
Iowa 

Contact Factory 
Kansas 

Contact Factor) 



See Southern States 
Marketing Inc. 
Richardson. TX 
Maryland 
Micro-Comp. Inc. 
(301)644-5700 
Massachusetts 
Comp Rep Associates 
(617)329-3454 
Michigan 

A. Blumenberg & Assoc. 
(313)968-3230 
Minnesota 
Professional Sales 
Industries 
(612)944-8545 
Mississippi 

See Elec. Mfg. Agents 
Huntsville, AL 
Missouri 
Contact Factory 
Montana 
See E.S. Chase 
Portland, OR 



Maxim International Sales Representatives 

Australia 
Veltek Pty. Ltd. 
(03)808-7511 
Austria 

Axco Ges.m.b.H. 
(0222)610620 
Belgium 
Master Chips 
(02)219 5862 
Ca nadal Representatives 
Tech-Trek 
(604)439-1373 
(416)238-5300 
(613)225-5161 
(514)337-7540 
Canada/Distributors 
Future Electronics 
(514)694-7710 
(613)820-8313 
(416)638-4771 
(204)786-7711 
(403)235-5325 
(604)294-1 166 
(403(438-2858 
Zentronics 
(416)564-9600 
(403)295-8838 
(514)737-9700 
(613)226-8840 
(204)694-1957 
(306)955-2202 
1604) 273-5575 
Denmark 
Exatec A/S 
(31) 19 10 22 
45-98633311 
Finland 

YleiseleklroniikkaOy 
(90)452 1255 
Fran ceIR epresentative 
Musironic 
(1)34 65 90 44 
Fran eel Distributors 
A2M 

(1)39 5491 13 
ASAP 

(1)3043 82 33 
Franelec 
( 1 ) 69 20 20 02 



Maxim U.S. Franchised Distributors 



Hongkong 


Spain 


Tektron Elect. (HK Ltd.) 


Contact Factory 


3 880629 


Sweden 


India 


Egevo AB 


AdteCh Micro Systems 


(08)795 9650 


(415)659-0756 


Switzerland 


Transcom Systems 


Laser & Electronic Equip. 


(6) 86-2647 


(01 ) 55 33 30 


Israel 


Taiwan 


Trilech Ltd. 


World Peace 


(03) 544 7293 


(02) 5056345 


Italy/Representatives 


(02)5056621 


Consystem S.r.l. 


V .K.I Representative 


(02)99041977-8 


Maxim Integrated 


Italy/Distributors 


Products (U.K.) Ltd. 


Esco Italiana Electronics 


(0734) 845255 


(02)24 09 241 


LhKJRepresentative 


(02)24 09 251 


Ashwell Electronics 


Japan/Representative 


(0438)365551 


Maxim Japan Co., Ltd. 


V.KJ Distributors 


(03)232-6141 


Dialogue Distribution, 


Japan /Distributors 


Lid. 


Internix. Inc. 


(0276)682001 


(03)369-1101 


Kudos Thame Lid. 


Microtek. Inc. 


(0734) 351010 


(03)371-181 I 


2001 Electronic 


AMSCCo.,Ltd. 


Components 


(04)22-54-6800 


(0438)742001 


Sil-Walker.Inc. 


W. Germany 


(03)341-3651 


Representative 


Korea 


Maxim Integrated 


J-Tek Corporation 


Products GmbH 


(02)557-8039 


(089)523 40 83 


Netherlands 


W. GermanylDistributor 


Maxtronix 


Spezial Electronic KG 


(030)420340 


(05722) 20 30 


Nomav 




BT Hightech AS 




(06)87 93 30 




Singapore 




Electronic Resources 




Pte. Ltd. 




(65)283-0888 




South Africa 




South Continental 




Devices (PTY) Ltd. 




(011)789 2400 





Anthem 
Nu Horizons 
Pioneer 



Arrow Electronics 
Bell Industries 
CAM-PRCEleetronics 
Hall-Mark Electronics 



Maxim U.S. Chip Distributors 



Nebraska 

Contact Factory 
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